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Abstract
Sustainable goals for contemporary world seek viable solutions for interconnected 
challenges, particularly in the fields of food and energy security and climate change. 
We present bamboo, one of the versatile plant species on earth, as an ideal candidate 
for bioeconomy for meeting some of these challenges. With its potential realized, 
particularly in the industrial sector, countries such as China are going extensive with 
bamboo development and cultivation to support a myriad of industrial uses. These 
include timber, fiber, biofuel, paper, food, and medicinal industries. Bamboo is an 
ecologically viable choice, having better adaptation to wider environments than do 
other grasses, and can help to restore degraded lands and mitigate climate change. 
Bamboo, as a crop species, has not become amenable to genetic improvement, due to 
its long breeding cycle, perennial nature, and monocarpic behavior. One of the com-
monly used species, moso bamboo (Phyllostachys edulis) is a potential candidate that 
qualifies as industrial bamboo. With its whole-genome information released, genetic 
manipulations of moso bamboo offer tremendous potential to meet the industrial 
expectations either in quality or in quantity. Further, bamboo cultivation can expect 
several natural hindrances through biotic and abiotic stresses, which needs viable 
solutions such as genetic resistance. Taking a pragmatic view of these future require-
ments, we have compiled the present status of bamboo physiology, genetics, genom-
ics, and biotechnology, particularly of moso bamboo, to drive various implications 
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1 |  INTRODUCTION
Three formidable interlinked challenges of the contempo-
rary world, solutions for which articulate a sustainable fu-
ture, are food security, energy security, and climate change 
(Karp & Richter, 2011; Lal, 2010). Among the several solu-
tions to meet the conglomerated challenges, bamboo stays 
ahead as one of the plant species that can sustain the future 
world through its versatile nature (Ramakrishnan, Zhou, 
Baskar, & Packiam, 2018). Bamboo, the prime member of 
the largest grass family, Poaceae, belongs to the subfamily 
Bambusoideae consisting of 75 genera accommodating 1,642 
bamboo species (Vorontsova, Clark, Dransfield, Govaerts, & 
Baker, 2016). It is the only grass that grows in a wide range 
of climates and widely distributed across the Asia Pacific, 
Americas, and Africa (Figure 1). Among different bamboos, 
woody bamboos, both tropical and temperate, are most com-
mercially used for numerous uses (Figure S1) such as renew-
able energy resources (biofuels and charcoals), timber, raw 
materials for craft and various household products, materials 
for house building and furnishing, and also as food resource and 
medicines (Li, Wei, Xu, Xu, & He, 2018; Panee, 2015; Song 
et al., 2016; Vogtlander & Van der Lugt, 2014; Wróblewska, 
De Oliveira, Grombone-Guaratini, & Moreno, 2018; Yuan, 
Wang, Pan, Shen, & Wu, 2019; Zhaohua & Wei, 2018). It 
can also be used to conserve rainforests saving both the nat-
ural diversity and paper and pulp industry (Chen, Li, et al., 
2019; Jiang,  2007), and it significantly contributes to car-
bon sequestration (Li et al., 2015; Wu et al., 2019; Xu, Ji, & 
Zhuang, 2018; Xu et al., 2011). Bamboo biomass increases 
at a rate of 10%–30% annually, as against 2%–5% growth of 
other timber species (Atanda, 2015). Bamboos, owing to the 
faster growth, can easily be harvested within 4–5 years, un-
like that of most softwoods, which take 15–20 years. Thus, 
annual international trade of bamboo stands more than $2.5 
billion (https://www.inbar.int) (Wang, Sun, Ding, et al., 2019; 
Zhao et al., 2017). So, we, in this review, attempt to take a 
comprehensive view of how biotechnology, particularly in 
areas of molecular genetics, genomics, and quantitative ge-
netics, can play a decisive role in the development of bamboo 
for industries.
1.1 | Industrial relevance of moso bamboo
Belonging to the tribe Arundinarieae, moso bamboo 
(Phyllostachys edulis (Carrière) J. Houz) is a major spe-
cies of woody bamboo cultivated in South Asia, Africa, and 
America (Clark, Londoño, & Ruiz-Sanchez,  2015; Wang, 
Chen, Liu, & Liu, 2020). It lives for about 60 or more years 
and is widely adapted and amenable to different cultivation 
systems from agroforestry and monoculture gardens. Being 
one of the fastest-growing bamboos (Wei et al., 2018), moso 
bamboo has a unique rhizome-dependent proliferation sys-
tem (Li, Li, Lu, & Chen, 2019; Tao, Fu, & Zhou, 2018; Wei 
et  al.,  2019) that runs radially from the mother plant. The 
rhizomes are thick and segmented and remain underground 
at shallow depths of about 50 cm. Depending on the length, 
in meeting industrial and cultivation requirements. We also discuss challenges un-
derway, caveats, and contextual opportunities concerning sustainable development.
K E Y W O R D S
bamboo industry, bioeconomy, biotechnology, genomics, moso bamboo, Phyllostachys edulis, 
sustainable development, transposons
F I G U R E  1  Universal distribution of bamboo species (Bambuseae) from sea level to snow line. A. distribution of all woody bamboo 
represented in purple; B, distribution of temperate woody bamboos is indicated by light blue. 
Source: https://www.eeob.iasta te.edu/resea rch/bambo o/maps.html
   | 3 of 36RAMAKRISHNAN et Al.
a single rhizome can have up to a hundred buds at nodes. 
Under conducive conditions, bud burst occurs, and the 
emerging culms grow very fast. Shoots can reach up to 50 m 
in height, growing at a rate of about one meter per day during 
the peak growth phase, and can continue to increase in girth 
and thickness. A grown-up culm can have a diameter of about 
20 cm, and with very high mechanical strength (Wang, Sun, 
Xu, Yang, Zhao, et al., 2019). These extraordinary proper-
ties of the culms qualify moso bamboo as an industrial bam-
boo, earning the name “giant” or “timber” bamboo. Focused 
research is on understanding the molecular mechanisms of 
moso bamboo growth (Singh et al., 2013).
In the United States, moso bamboo is commercially grown 
by several industries for biochar, biofuel, and structural bam-
boo products (David et  al.,  2019). Similarly, the commer-
cial viability of moso bamboo has resulted in widespread 
cultivation in Asian countries (Jiang et al., 2017). In China, 
it occupies about 4.43 million ha covering about 73.8% of 
the bamboo-growing area (Jiang, 2007). Most of the indus-
trial relevance of moso bamboo arises out of its exceptional 
wood quality, which is used to develop engineered structural 
bamboo products that are used as a substitute for engineered 
wood products such as plywood and laminated timber. The 
flexural and compressive properties show that the bamboo 
wood is as good as most of the commercial timber woods 
(Dixon & Gibson, 2014).
In the bamboo literature, many good reviews are avail-
able on the efficient utilization and practical applications 
of bamboo (He et al., 2014; Liese, Welling, & Tang, 2015). 
But only a few exist on biotechnological applications for 
bamboo improvement, particularly related to industrial use, 
mainly focusing on sustainable bamboo development in a 
wider context of bioeconomy and circular economy. Mudoi 
et al. (2013) focused on the progress in micropropagation of 
important bamboos. Singh et al. (2013) reviewed the limita-
tions, progress, and prospects of the application of biotechno-
logical tools in bamboo improvement, providing an overview 
of molecular marker systems and their prospective use. In 
their review on advances in bamboo molecular biology, Jiang 
and Zhou (2014) underpinned the need for extensive bamboo 
phylogenetic analysis and the use of genomic information and 
tools for bamboo breeding. Further, Yeasmin, Ali, Gantait, 
and Chakraborty (2015) overviewed the genetic diversity and 
characterization on bamboos, while extensive coverage on 
the in vitro flowering of woody bamboo has been presented 
by Yuan, Yue, Gu, and Lin (2017) and Sandhu, Wani, and 
Jiménez (2018).
In this review, we attempt to highlight the potential for 
bamboo development, more specifically of moso bamboo, 
through genomics-assisted breeding, extensively covering 
physiology, genetics, genomics, and biotechnology. We dis-
cuss the outcomes of genomic studies on transcriptomic and 
proteomic aspects of moso bamboo growth, flowering, stress 
responses, and transposon diversity to address prospects for 
future sustainable development. We hypothesize that biotech-
nology has a lot more things to offer into the transformation 
of moso bamboo as an ideal candidate crop for bioeconomy. 
China has a lead role to play in bamboo development as the 
first country in the world, which adopted a law for the cir-
cular economy in 2008 (CIRAIG, 2015), a potential already 
recognized by the European Union, for creating sustainable 
annual gains from the manufacturing sector.
2 |  GENETICS AND GENOMICS 
OF MOSO BAMBOO
2.1 | Evolution and diversity
Bamboo has been identified as an important plant that leads 
to shape human civilizations, particularly in the south and 
Southeast Asia. Tracing the genetic history of bamboos 
by paleogeographic studies on bamboo leaves and pollen 
reveals diversification of bamboo in the late Miocene at 
Zhejiang Province, which resulted in the wide distribution 
of bamboos in southern China (Wang, Ma, et al., 2014). 
Plastid genome-based phylogenetic evaluation of bamboos 
identifies four major lineages, herbaceous, temperate, neo-
tropical, and paleotropical (Kelchner,  2013), among which 
the temperate woody group is the largest among the bam-
boos, and was identified as genetically very distinct. The 
moso bamboo belongs to this group. Other distinct clades 
identified in this study include herbaceous clade belonging 
to the tribe Olyreae (Bouchenak-Khelladi et al., 2008), while 
the remaining tropical woody and neotropical woody (tribe 
Bambuseae) show less distinct patterning. Further, Peng, 
Lu, et al., 2013, while presenting the draft genome of moso 
bamboo, reported the genetic closeness of bamboo with that 
of other C3 grasses, especially belonging to the BEP clade 
consisting of subfamilies Bambusoideae, Ehrhartoideae (for-
merly Oryzoideae), and Pooideae. Although plastid genome 
diversity could divulge the evolutionary pattern, it could not 
resolve with certainty the relationship among clades other 
than that of temperate woody bamboos. Recent advance-
ments in genomics can now give the taxonomy a firmer basis. 
The latest release of five draft bamboo genomes belonging 
to paleotropical (Bonia amplexicaulis), neotropical (Guadua 
angustifolia), and herbaceous (Olyra latifolia, Raddia guian-
ensis, and R. distichophylla) clades provides further insights 
into bamboo evolution (Guo, Ma, et al., 2019; Li, Shi, et al., 
2020). These genomes represented three ploidy levels—dip-
loid, tetraploid, and hexaploid—with different geographical 
origins. The study of the first high-density linkage map of the 
hexaploid woody bamboo revealed that it evolved after her-
baceous bamboos had diverged through three independent al-
lopolyploid events (Guo, Ma, et al., 2019). Further, analysis 
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of the model genomes has led to the understanding that over 
90% of the bamboo protein-coding genes had conserved 
functional domains, leading to the constructing a reticulate 
evolutionary model for Bambusoideae subfamily.
Indicating its evolutionary significance, moso bam-
boo has been reported to have significant levels of natural 
genetic diversity (Gui et  al.,  2007; Kumar, Turner, Rao, & 
Arumuganathan., 2011; Zhao, Zhang, et al., 2013), with its 
genome diversified earlier than 65 million years ago (Peng, 
Lu, et al., 2013). Native to mainland China and naturalized in 
other parts of the world, the syntenic genomic relationship of 
moso bamboo with rice and sorghum has also been reported 
earlier (Gui et al., 2010; Peng, Lu, et al., 2013). In one of the 
studies, the AP2/ERF (APETALA2/ethylene-responsive fac-
tor) transcription factor (TF) in moso bamboo was found di-
versified from rice AP2/ERF genes 15–23 million years ago 
(Wu, Lv, et al., 2015). This indicates that bamboos have a 
long evolutionary history than most of the cultivated cereals. 
A phylogenetic tree constructed based on single-copy orthol-
ogous genes showed that the moso bamboo had close prox-
imity with purple false brome, rice, and sorghum. Among 
the bamboos, moso bamboo was recognized as a tetraploid 
(Friar & Kochert, 1991) having 48 chromosomes (2n = 48). 
Supporting this view, the presence of high number of clus-
tered gene families in the draft genome assembly pointed 
toward a putative whole-genome duplication that occurred 
7–12 million years ago (Peng, Lu, et al., 2013). Later, the 
chromosome-level reference genome that covered 95% of the 
genomic region reinforced the theory of whole-genome du-
plication, thereby identifying moso bamboo as a tetraploid 
having evolved from a diploid ancestor (Guo, Ma, et al., 
2019; Zhao, Gao, et al., 2018). Moso bamboo is identified to 
have a neutral karyotype symmetry (Zhou, Xu, Shen, Xiang, 
& Tang, 2017), with a genome size of about 2,000 Mb (Gui 
et al., 2007; Zhao, Gao, et al., 2018).
During the evolutionary process, whole-genome dupli-
cation has helped the bamboo genome to acquire adaptive 
abilities. Whole-genome duplication leads to development 
of multigene superfamilies, the family of genes that share 
considerable homology with the common ancestor. They are 
historically related but functionally diverged group of genes 
that may have undergone both structural divergence and posi-
tional divergence across the genomes (Hartl & Clark, 2007). 
One of the characteristics of the multigene superfamilies is 
the modular gene expression, a process called exon dupli-
cation and shuffling. Exon shuffling favors stitching up of 
different modules of the functional genes that comes from 
different parts of the genome to create variation in the func-
tional proteins that aid in the adaptive process (Kolkman & 
Stemmer,  2001; Long, Betrán, Thornton, & Wang,  2003). 
This is facilitated through a process called alternative splic-
ing (AS), a process that helps higher genomes to shuffle 
exons (Liu & Grigoriev,  2004). Li, Shi, et al. (2018), in a 
recent study using moso bamboo, showed how AS influenced 
bamboo evolution, wherein they reported different splicing 
events differed in different tissues and are adjusted to differ-
ent growth stages. Rhizome and fast-growing shoot tissues 
showed more AS events, and approximately 60% of genes 
were alternatively spliced in fast-growing shoots, the win-
ter bamboo shoot having shown the highest number of AS 
events. Further, they observed that highly conserved genes 
had more AS events. AS is regarded as the main factor re-
sponsible for the bamboo shoot and flowering gene diversity, 
as well as for developing genes for drought response.
2.2 | Classical genetics and breeding
Compared with other plant species, extensive genetic studies 
on biology and breeding in bamboo remain limited. There 
are only a few traits that have been studied, and information 
on their genetic control remains largely obscure. A major im-
pediment in such investigations is the long flowering cycle 
and huge resources and time required to handle populations 
or germplasm because they are short-lived and in a chaotic 
status in different places of the world (Hui, Liang, Yang, & 
Chen, 2014). Bamboo is agronomically difficult to improve 
by selective breeding. Although the bamboo breeders have 
been working tirelessly on several challenges of crop im-
provement, the progress from conventional breeding attempts 
has been extremely slow. Singh et al. (2013) concluded that 
it is equally difficult to develop hybrid bamboo to exploit 
heterosis using traditional breeding approaches. Therefore, 
current genetic information in bamboos is limited to trait var-
iability, diversity, and taxonomic classification on the basis 
of morphological characters. Yeasmin et al. (2015) pointed 
out that classification based on morphological characters is 
not very reliable since they are often influenced by ecological 
and environmental factors. Hardly, any information is avail-
able on the interclonal hybridization of bamboo, but an at-
tempt to produce intergeneric crosses between bamboo and 
sugarcane has been reported from India (Rao, Alexander, & 
Kandasami, 1967, 1969). Although embryo rescue has been 
tried to recover Bambusa x Saccharum hybrid, the attempt 
remained mostly unsuccessful.
2.3 | Genetic resources
Unlike other domesticated crop species, bamboos remain al-
most wild in their genetic makeup even when grown under 
conservation in bambuseta worldwide. In several parts of 
the world, such bambuseta comprise of either ornamental 
bamboos for aesthetic purposes. However, utility bamboos 
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are grown around households for the specific purpose of 
domestic uses such as poles, ladders, and raw materials for 
handicrafts, furniture, and utensils. Generally, these bam-
boos remain largely uncharacterized and unutilized in breed-
ing programs. On the other hand, large woody bamboos such 
as moso bamboo are conserved in their natural habitats in 
countries such as China. These nature reserves occupy large 
areas for meeting the local requirements. Nature reserves 
maintained at China's Yunnan province has a total of 108 
groves, of which five are recognized as of national impor-
tance (Hui, 1999; Hui et al., 2014).
Despite of its recognition as an important plant species, 
organized germplasm collection and conservation in bam-
boos remain limited. Notwithstanding, several botanical col-
lections of bamboo do exist around the world, particularly in 
botanical gardens in countries such as Sri Lanka, Indonesia, 
China, Japan, Bangladesh, and India. China has more than 
20 botanical gardens wherein bamboos are conserved (Fu, 
1999), the largest collection being the bamboo garden at 
South China Botanical Garden in Guangzhou comprising of 
more than 200 species (Huang,  2010). While 136 species, 
subspecies, and varieties are conserved at Xishuangbanna 
Tropical Botanical Garden at Yunnan, Hangzhou Botanical 
Garden in Zhejiang Province conserves 100 species of bam-
boo belonging to 16 genera and 74 bamboo species are con-
served in Shanghai Botanical Garden in Shanghai. Except 
China and few collections in India, organized bamboo con-
servation has not been a practice around the world, to aid 
bamboo improvement. Toward meeting this, under the aegis 
of INBAR and Biodiversity International (then International 
Plant Genetic Resources Institute), a training program was 
organized at Yunnan, China, on bamboo germplasm con-
servation, diversity, ecogeography, resource utilization, and 
taxonomy (Rao & Rao,  1999). In this program, guidelines 
for bamboo collection and documentation were released 
(Kochhar, 1999).
As the most prominent commercial species, moso bam-
boo enjoys 61% of cultivation extent in China. Still, moso 
bamboo does not have a specialized germplasm conserva-
tion center so far. The major reason is the complexity in its 
propagation pattern, which is often through rhizomes than by 
seeds. This hinders live conservation of propagules by stor-
age, which require large facilities and wide area for ex situ 
conservation. Further, moso bamboo grows naturally in three 
provinces of China (Zhejiang, Fujian, and Sichuan), and not 
in other parts. Because of the long breeding cycle, moso bam-
boo seeds from genetic variants located at different places are 
not available regularly, making the conservation effort cha-
otic. Furthermore, the seed viability is very limited and does 
not go beyond 2 years under storage. Being introduced from 
China, germplasm repositories of moso bamboo in other na-
tions such as India, Japan, Korea, Myanmar, and Australia 
seldom exist.
3 |  ROLE OF NEXT-GENERATION 
SEQUENCING APPROACHES 
IN EXPEDITING THE CROP 
IMPROVEMENT
3.1 | The current status of the bamboo 
genome information
The contemporary developments in whole-genome se-
quencing and analytical methodologies have upscaled the 
understanding of whole genomes of several plants (Bolger 
et al., 2014). Currently, complete genome sequence of many 
plant species, particularly of the major crops belonging to 
Poaceae grass family, is available to plant breeders for in-
tegrating into crop improvement (https://phyto zome-next.
jgi.doe.gov/). Following the advancements in other crops, 
in 2017, the International Network for Bamboo and Rattan 
(www.inbar.int) launched a mega project called “Genome 
Atlas of Bamboo and Rattan (GABR)” to elucidate bamboo 
and rattan (BR) genetics toward development into a bioecon-
omy. Besides several other subprojects, GABR includes two 
core subprojects, Bamboo-T1K (Transcriptomes of 1,000 
bamboos) and Rattan-G5 (genomes of five Rattans) (Zhao 
et al., 2017). Under this program, in 2018, chromosome-level 
assemblies of moso bamboo (Zhao, Gao, et al., 2018) and 
two rattan species (Zhao, Wang, et al., 2018) were released.
Genome-level explorations in bamboo were begun in 
2010 and 2011, by the release of genome-wide full-length 
cDNA (Peng et al., 2010) and chloroplast genome sequences 
(Zhang, Ma, & Li, 2011) of moso bamboo and few allied spe-
cies. Subsequently, draft genome scaffold of moso bamboo 
was delivered in 2013 by Peng, Lu, et al. (2013). This was the 
first release of any genome among the Bambusoideae subfam-
ily, construction of which was based on whole-genome and 
transcriptome sequences. The draft had a size of 2,050 Mb 
with 31,987 predicted genes having an average length of 
3,350  bp per gene. Advancing further, in 2018, a chromo-
some-level de novo assembly of moso bamboo genome was 
released (Zhao, Gao, et al., 2018) that used high-throughput 
Hi-C scaffolding strategy. This assembly has a significant ge-
nome coverage improvement of more than 243 times over the 
draft genome. The size of the genome was 1,908 Mb with 
an N50 scaffold length of 79.90 Mb. The genome reference 
reads contained a total of 51,074 high-quality protein-cod-
ing genes. The genome details with the latest annotation are 
freely available at the GigaScience database (gigadb.org). By 
size, moso bamboo genome is 7.8 times larger than the small-
est known grass genome of the resurrection grass, Oropetium 
thomaeum, which is 245 Mb long (Bartels & Mattar, 2002; 
VanBuren, Wai, Keilwagen, & Pardo, 2018). Also, it is 4.4 
times larger than rice genome (430 Mb, Sasaki, 2005), and 
2.5 times bigger than sorghum genome (772  Mb, Paterson 
et  al.,  2009). Relatively, moso bamboo genome is smaller 
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than that of corn (~2,500 Mb, Schnable et al., 2009), hexa-
ploid wheat (17,000 Mb, Brenchley et al., 2012; Consortium 
IWGS, 2014), and barley (5,300  Mb) (Consortium IBGS, 
2012; Linde-Laursen, Heslop-Harrison, Shepherd, & 
Taketa, 1997).
Being one of the latest genomes to be unraveled (Guo, 
Ma, et al., 2019; Zhao, Gao, et al., 2018), the high level 
moso bamboo genome is an important milestone in bamboo 
research and development. Although not put into extensive 
usage so far, among the recent genome-based studies, Zhou, 
Wu, Ramakrishnan, Meng, and Vinod (2018) attempted to 
unfurl the natural variants of moso bamboo through genome 
resequencing by identifying several structural and copy-num-
ber variations. They drew implications on the prospective use 
of these variants into bamboo improvement. Additionally, 
they identified transposon variations that depict adaptive re-
sponses during the evolutionary process of moso bamboo. 
Subsequently, through functional analyses of transposons, 
Ramakrishnan, Zhou, Pan, Hänninen, Yrjälä, et al. (2019), 
Ramakrishnan, Zhou, Pan, Hänninen, Tang, et al. (2019) 
identified activities of mariner-like elements (MLE) of the 
moso bamboo, drawing evolutionary connotations.
3.2 | Genome databases
Based on the draft genome, Zhao et al. (2014) established the 
first bamboo genome database (BambooGDB) with online 
access at www.bambo ogdb.org. BambooGDB contains three 
types of datasets, (a) high-quality genome sequence data, (b) 
full-length cDNA data, and (c) deep RNA-sequencing data. 
It provides a productive platform for comparative genomic 
analysis, protein–protein interaction studies, pathway analy-
sis, and graphical visualization. Further, the database serves 
as a source of for identifying bamboo microsatellites (simple 
sequence repeats, SSR), although SSR frequency is lower 
(Table 1) than that of the rice, sorghum, purple false brome, 
and Arabidopsis (Zhao et al., 2015).
Ma et  al.  (2018) constructed another online database, 
BambooNET, available at bioin forma tics.cau.edu.cn/bam-
boo. This database is enriched with datasets for coexpression 
network analysis, cis-elements, functional modules, and gene 
set enrichment analysis (GSEA) tools using moso bamboo 
sequences. With the very recent release of four draft genomes 
of major bamboos (Guo, Ma, et al., 2019) representing three 
ploidy levels, Bonia amplexicaulis (hexaploid, 2n = 72, pa-
leotropical woody bamboo), Guadua angustifolia (tetraploid, 
2n = 46, neotropical woody bamboo), and Olyra latifolia and 
Raddia guianensis (diploid, 2n  =  22, herbaceous bamboo) 
together with that of moso bamboo, the database has been 
enriched. It was found that woody bamboo had higher num-
ber of unique gene families and multigene families than her-
baceous bamboos. The diploid bamboo genomes had more 
single-copy genes, while the polyploid genomes revealed 
multigene families, with tetraploids having two or more 
member gene families. Correspondingly, hexaploid bamboos 
showed higher numbers of multigene families.
3.3 | Multigene families
Multigene families arose during the evolution of moso bam-
boo, through gene duplication and polyploidization events. 
These families include cellulose, lignin, and cell wall biosyn-
thesis genes important for active bamboo growth. This has 
evidently led to the functional diversity of various bamboo 
species at different levels of growth and metabolism. Among 
the large multigene families, lignin biosynthesis is the larg-
est pathway genetic system in moso bamboo genome. It has 
higher number of gene families and coding genes for lignin 
biosynthesis than do other plant species such as Amborella 
trichopoda, African oil palm, Arabidopsis, purple false 
brome, rice, sorghum, great duckweed, and black cotton-
wood. A total of 242 genes from 13 gene families are involved 
in lignin biosynthesis pathways, contributing to functional 
gene diversity in moso bamboo. Large-scale transcriptome 







Common name Scientific name




Moso bamboo Phyllostachys edulis 2,051.7 62.2 106,582 (83.53) 21,011 (16.47)
Maize Zea mays 2,066.4 52.1 94,683 (87.88) 13,059 (12.12)
Rice Oryza sativa 374.5 165.5 49,505 (79.88) 12,472 (20.12)
Sorghum Sorghum bicolor 738.5 91.1 57,016 (84.70) 10,295 (15.30)
Purple false 
brome
Brachypodium distachyon 271.9 76.5 17,865 (85.93) 2,924 (14.07)
Arabidopsis Arabidopsis thaliana 119.7 135.5 12,259 (75.59) 3,958 (24.41)
Source: Zhao et al., (2015), https://doi.org/10.1038/srep0 8018
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analysis of 26 representative bamboo tissues revealed AS 
profile of 25,225 splicing genes, including lignin biosynthe-
sis pathway genes from 10 families (Zhao, Gao, et al., 2018).
4 |  PROSPECTS FOR GENOMICS-
ASSISTED BREEDING
4.1 | Molecular markers
Use of molecular marker systems has led to significant ad-
vancements in understanding of evolutionary relations 
among the bamboo through genetic diversity studies, which 
was highly constrained earlier with the limited morphologi-
cal characteristics (Das, Bhattacharya, Singh, Filgueiras, & 
Pal,  2008). Several marker systems have been employed 
in deciphering the genetic diversity of bamboos (Yeasmin 
et al., 2015), which included morphological, biochemical, 
and molecular markers. Investigating in a community of 
Phyllostachys pubescens, Isagi et  al.  (2004) suggested that 
clonal structure of populations has to be the main motive of 
bamboo diversity studies, as bamboos have evolved with 
natural proclivity for vegetative propagation. Earlier to this, 
Chao and Tang (1993) opined to use marker-based genetic 
analyses to resolve the complexity in bamboo classification 
and taxonomy. Previous to the use of DNA-based marker 
systems, there were few studies that used biomarker systems 
such as secondary metabolites such as flavonoids (Chou & 
Hwang, 1985; Chou, Sheen, & Hwang, 1984; Li, 1990), vol-
atile compounds (Chen & Lu, 1994), and isozymes (Chou, 
Yang, & Sheen, 1984; Chu, Chou, Li, Shih, & Woo, 1972; 
Wang et  al.,  1980, 1983). Different enzymes investigated 
were peroxidases (Chou, Sheen, et al., 1984; Li, 1989), ester-
ase (Li, 1989), transaminases (Huang & Murashige, 1983), 
dehydrogenases (Gielis, Everaert, Goetghebeur, & Deloose, 
1997), and multiple enzyme systems (Huh & Huh, 2002).
The first report of the use of DNA-based markers came 
from Friar and Kochert (1991), after they analyzed 42 ac-
cessions belonging to six genera and about 25 species using 
restriction fragment length polymorphisms (RFLPs). They 
reported significant species-specific polymorphism in the 
nuclear DNA, but relatively little variation in the chloro-
plast DNA (cpDNA). However, Watanabe, Ito, and Kurita 
(1994) used cpDNA diversity using 15 restriction enzymes 
to draw the phylogeny of bamboo and reported two major 
lineages. Although the studies using organellar genomes are 
limited, full-length cpDNA information was used to study 
moso bamboo's relationship with other bamboo species (Ma, 
Zhang, Zeng, Guo, & Li,  2014; Wysocki, Clark, Attigala, 
Ruiz-Sanchez, & Duvall, 2015). RFLP markers were used to 
understand the diversity and evolution within Phyllostachys 
genus and found that species-level delineation is possible 
using molecular data (Friar & Kochert,  1994). With the 
advent of PCR-based markers, Hsiao and Rieseberg (1994) 
used random amplified polymorphic DNA (RAPD) markers 
to fingerprint Yushania species, while Phyllostachys cultivars 
and species were analyzed for developing an identification 
system (Ding, 1998; Gielis, 1995; Gielis et al., 1997).
The application of second-generation molecular markers 
on 176 genotypes of the moso bamboo was reported in 1997 
(Table 2), wherein 13 RAPD, three SSRs, and one minisatel-
lite markers were used to conclude that RAPD is the suitable 
marker to identify clones and to unravel genetic relationship 
between moso bamboo cultivars (Lai & Hsiao, 1997). Later, 
Gielis (1998) foresaw the opportunity for resolving several 
taxonomic problems with the help of molecular data within 
the Phyllostachys genus, particularly using RAPD markers. 
Nayak, Rout, and Das (2003) utilized RAPD markers to dis-
tinguish genera such as Bambusa, Dendrocalamus, Dinocloa, 
and Cephalostachyum. Other studies that applied RAPD 
markers for bamboo diversity analysis include Ramanayake, 
Meemaduma, and Weerawardene (2007). From the random 
amplified products, later, sequence characterized amplified 
region (SCAR) markers specific to Bambusa balcooa were 
developed for distinguishing species (Das, Bhattacharya, & 
Pal,  2005). Ruan et  al.  (2008) studied the genetic relation-
ships within moso bamboos from 17 provinces of China using 
AFLP and ISSR markers but reported low polymorphism at 
the species level. Among the second-generation marker sys-
tems, amplified fragment length polymorphism (AFLP) has 
been widely used in phylogenetic analysis in bamboos in 
earlier days (Ghosh, Devi, Mandi, & Talukdar,  2011; Loh, 
Kiew, Set, Gan, & Gan, 2000; Waikhom, Ghosh, Talukdar, 
& Mandi, 2012), because of the nonavailability of sufficient 
number of SSR markers. Suyama, Obayashi, and Hayashi 
(2000) used AFLP for identifying the clonal diversity of 
dwarf bamboo, Sasa senanensis, from an admixed clonal 
garden and identified 22 constituent clones in the population. 
AFLP diversity was found highly discriminatory than internal 
transcribed spacer (ITS) region of nuclear ribosomal DNA 
(nrDNA), between Phyllostachys and its allied genus for 
phylogenetic reconstruction at taxonomic level (Hodkinson, 
Renvoize, Chonghaile, Stapleton, & Chase, 2000). Similarly, 
in Columbia, AFLP marker system was employed to divulge 
the genetic relations between accessions and biotypes of 
Guadua angustifolia, American woody bamboo (Marulanda, 
Márquez, & Londoño, 2002). AFLP fingerprints were also 
used for understanding the genetic diversity in river cane 
(Arundinaria gigantea) and its relation to sexual reproduc-
tion (Katherine, Joseph, Max, Terryol, & Robert, 2009).
Other marker systems that were used in diversity stud-
ies of bamboo include intersimple sequence repeat (ISSR) 
markers (Lin et al., 2010; Mukherjee et al., 2010; Nilkanta, 
Amom, Tikendra, Rahaman, & Nongdam, 2017; Tian, Yang, 
Wong, Liu, & Ruan,  2012; Yang, An, Gu, & Tian,  2012). 
Lin, Ruan, Lou, Guo, and Fang (2009) found that combined 
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use of 16 ISSR and AFLP markers in ten moso bamboo 
cultivars revealed higher polymorphism than using single 
marker system. The markers clearly clustered ten cultivars 
into 3 groups, highlighting the genetic resemblance between 
cultivars in each group. Afterward, combined use of marker 
systems has been used in several studies such as RAPD-
AFLP (Nag et al., 2013), RAPD-ISSR (Desai et al., 2015), 
RAPD-RFLP (Konzen, Perón, Ito, Brondani, & Tsai, 2017), 
RAPD with morphological traits (Shalini, Meena, 
Tarafdar, & Thakur,  2013), and morphological traits with 
T A B L E  2  The details of genetic diversity studies and outputs of moso bamboo genotypes using various molecular markers
Marker type Number of markers and phenotypes used and major findings of studies References
RAPD, microsatellite, 
and minisatellite
Nine clones were identified from 176 Taiwan-based clones. Genetic variation 
was limited among nine clones. Nantou region of Taiwan might have been 
the first area of successful cultivation in Taiwan
Lai and Hsiao (1997)
AFLP Studies of the flowering traits of moso bamboo clones in a plant population 
where each gene has its individual flowering time
Isagi et al. (2004)
RAPD The genetic relationship in 18 moso bamboo populations from the mainland 
of China
Zhang, Ma, and Ding (2007)
AFLP and ISSR Evaluated phylogenetic variations of moso bamboo from 17 Chinese 
provenances. Both markers showed significant correlation of genetic 
relationship of moso bamboo
Ruan et al. (2008)
SSR and EST-SSR Studies of the transferability of 98 SSR of rice and 20 EST-SSR of sugarcane 
for genetic diversity studies of moso bamboo. Both rice and sugarcane have 
high genomic synteny with moso bamboo
Sharma et al. (2008)
AFLP and ISSR Studies of the genetic similarity of genetic distances among ten cultivars of 
moso bamboo where cultivars were clearly divided into three groups. AFLP 
and ISSR markers had a significant correlation
Lin et al. (2009)
EST-SSR Development of 38,000 EST-SSR markers by full-length cDNAs sequencing 
of moso bamboo and by using genomic resource database of moso bamboo
Peng et al. (2010)
SSR The development of SSR markers, detection of polymorphisms, and 
transferability to six Phyllostachys species
Tang et al. (2010)
SSR and EST-SSR The rapid development of SSR and EST-SSR markers and detection of 
polymorphisms
Zhang, Guan, Yang, Yu, and Luo 
(2011)
SSR The development of 20 SSR markers and detection of polymorphisms in 71 
moso bamboo samples
Jiang et al. (2013)
cpDNA Full-length cpDNA was isolated, and the deep-level genetic relationship with 
other bamboo species was studied
Ma et al. (2014)
SSR Development of SSR markers for the taxonomy of Phyllostachys species. A 
total of 23 markers were validated in 78 accessions of Phyllostachys species
Zhao et al. (2015)
SSR The genetic diversity and patterns of clone distribution of 246 samples from 
28 wild populations of moso bamboo in China and Japan. Simple genetic 
structure and low genetic diversity were observed
Isagi et al. (2016)
SSR The genetic relationship of 803 genotypes of moso bamboo from the main 
growing regions of moso bamboo in China. AMOVA showed that within 
the populations, the genetic diversity was higher than among the populations
Jiang et al. (2017)
LTR retroelements Evolutionary analysis of LTR and phylogenetic analysis in moso bamboo Zhou, Hu, and Zhu (2017)
SNP Analysis of genetic variation among moso bamboos through genome 
resequencing. Total of 4,700,803 Uni-SNPs was identified, and these SNPs 
were linked with many biological pathways
Zhou, Wu, et al. (2018)
IRAP The development of IRAP markers for bamboo and analyzed the 
evolutionary patterns of 58 Phyllostachys species (Asian bamboo) within 
and among populations using the developed markers
Li et al. (2019)
Note: RAPD, randomly amplified polymorphic DNA; AFLP, amplified fragment length polymorphism; ISSR, intersimple sequence repeat; SSR, simple sequence 
repeat; EST-SSR, expressed sequence tag SSR; cDNA, complementary DNA; cpDNA, chloroplast DNA; AMOVA, analysis of molecular variance; LTR 
retroelements, long terminal repeat retroelements; Uni-SNPs, unique single nucleotide polymorphisms; Uni-Indels, unique InDels; IRAP, inter-retrotransposon 
amplified polymorphism.
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sequence-related amplified polymorphism (SRAP) mark-
ers (Zhu, Liu, Tang, Fu, & Tang,  2014). Genetic diversity 
between cultivars of Phyllostachys violascens was reported 
using combinations of ISSR, AFLP, and SRAP markers 
(Lin et al., 2011). While reviewing the genetic fidelity of the 
bamboo species resolvable by the molecular markers, Singh 
et al.  (2013) suggested that such markers could be put into 
use for characterizing somaclonal variants of moso bamboo.
Unlike in other cereal crops, the initial phase of mark-
er-based studies on genetic diversity did not find a place for 
the use of SSR markers in bamboos, primarily due to the 
absence of genomic information. However, using the advan-
tage of cross-genome portability especially within the grass 
family Poaceae, the first kind of SSRs employed for mo-
lecular systematic studies in bamboo was derived from rice 
(Li, Yin, Zou, Ding, & Huang, 2002). Following this, Chen 
et al. (2010) could demonstrate 68% cross-transferability of 
rice SSRs was among bamboo accessions. Among the vari-
ous markers used in investigating moso bamboo, several ESTs 
and SSR markers derived from grass genomes have been used 
(Jiang, Zhang, & Ding, 2013; Lin et  al.,  2006, 2014; Peng 
et  al.,  2010; Tang, Lu, Fang, Zhang, & Zhou,  2010; Zhao 
et al., 2015). Cross-genome derived expressed sequence tag 
(EST)-SSRs were experimented by Barkley, Newman, Wang, 
Hotchkiss, and Pederson (2005) who used twenty-five mark-
ers from maize, sorghum, wheat, and rice to study the ge-
netic diversity among 92 bamboo accessions. They found that 
these markers could resolve the panel into two clusters, corre-
sponding prominently to their morphological pattern. Later, 
Sharma et al. (2008) ventured to use cross-genome-compat-
ible SSRs derived from rice and sugarcane and found that at 
least 42% of SSRs from rice and 75% of EST-based SSRs 
from sugarcane could amplify among the 23 bamboo spe-
cies studied. Further, they reported that 70% of the polymor-
phic markers were suitable for species characterization. Gui 
et al. (2010) reported high genomic synteny of rice and sor-
ghum with moso bamboo opening up the possibility of using 
this information as a model for genome decoding. Cross-
species-derived EST-SSRs obtained from Bambusa oldhamii 
showed transferability of 30%–100% among different bam-
boo species, ascertaining their usability in diversity studies 
(Sharma et  al.,  2009). Following the reports of full-length 
cDNA and ESTs from moso bamboo (Peng et al., 2010) and 
full chloroplast genomes of six bamboo species (Zhang, Ma, 
et al., 2011), ubiquitous presence of SSR markers across 
bamboo genome was reported (Zhou, Liu, & Tang,  2011). 
Fifteen EST-SSRs from Bambusa edulis and B. oldhamii 
were shown to be ~60% transferable to moso bamboo (Dong, 
Wu, Lin, Zhou, & Tang,  2011). Subsequently, more bam-
boo-based EST-SSRs were also reported by Ramalakshmi 
and Piramanayagam (2010) and Cai et  al.  (2019). Dong, 
Zhang, and Yang (2012) used sixteen bamboo-specific SSRs 
for assessing the genetic structure of D. sinicus.
Genome-wide SSR markers were identified only fol-
lowing the release of the moso bamboo draft genome of by 
Peng, Lu, et al. (2013). Prior to this, only a few bamboo-de-
rived SSRs were available for diversity studies (Kaneko, 
Franklin, Yamasaki, & Isagi,  2008; Kitamura, Saitoh, 
Matsuo, & Suyama,  2009; Nayak & Rout,  2005). Zhao 
et  al.  (2015), for the first time, developed genome-wide 
SSR markers using 127,593 SSR motifs identified across 
the moso bamboo genome. They have designed 1,451 
primers of which 1,098 markers were physically mapped, 
and among which 917 markers could be validated in 9 ac-
cessions with 39.8% transferability. Afterward, a subset 
of 24 SSRs from the valid set could differentiate an as-
sembly of 78 accessions to their taxonomic configuration. 
Recently, Jiang et  al.  (2017) studied the genetic relation-
ship of 803 moso bamboo genotypes from 34 populations 
from China using 20 fluorescently labeled SSR markers. 
Population structure analysis showed that the 803 geno-
types clustered into two subpopulations, with a within-pop-
ulation genetic diversity of 84.6%. Both model-based and 
graphical diversity analyses led to similar results of this 
population, implying rapid spread of bamboo throughout 
mainland China, predominantly through clonal propagation 
with limited cycles of sexual reproduction. The study also 
suggested the prospective use of germplasm collection in 
moso bamboo development, and of the possibility of un-
covering greater genetic diversity by using dense markers 
with genome-wide coverage.
Double-digest restriction site-associated DNA (ddRAD) 
markers have genome-wide coverage due to sampling of the 
whole genome for restriction sites of a frequent-cutter endo-
nuclease. This technique is a reduced dimension sequenc-
ing approach and is widely used for SNP identification and 
genotyping (Baird et  al.,  2008; Davey et  al.,  2011). Yang 
et  al.  (2016) advocated the usefulness of ddRAD markers 
for plant phylogenetic analysis by developing a universal and 
simplified ddRAD library and demonstrated that these mark-
ers could delineate the phylogenetic relationship between 
two woody bamboos, Dendrocalamus and Phyllostachys. 
Further, ddRAD markers were used for phylogenomic analy-
sis of Shibataea genus bamboos to reveal intraspecific gene 
flow during sympatric speciation (Guo, Guo, & Li,  2019). 
Similar evolutionary studies were followed using ddRAD 
markers in other bamboo genera, such as temperate bamboos 
(Wang, Zhao, Eaton, Li, & Guo, 2013), alpine bamboos (Ye, 
Ma, et al., 2019), Bambusa–Dendrocalamus–Gigantochloa 
complex (Liu, Zhou, et al., 2020), and woody bamboos (Guo, 
Ma, et al., 2019).
In recent years, whole-genome sequencing and cpDNA 
have been used for genetic diversity assessment in moso bam-
boo. The genome resequencing revealed a total of 4,700,803 
unique single nucleotide polymorphisms (Uni-SNPs) and 
268,150 unique InDels (Uni-Indels) in moso bamboo. These 
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Uni-SNPs and Uni-Indels were linked with pathways such as 
caffeine metabolism, ribosome biogenesis, and anion binding 
(Zhou, Wu, et al., 2018). Very recently, we have developed 16 
inter-retrotransposon amplified polymorphism (IRAP) mark-
ers for the first time in bamboo (Li et al., 2019). Using these 
markers on genetic diversity and population structure divided 
the 58 Asian bamboo accessions (Phyllostachys) into four 
subpopulations, PhSP1, PhSP2, PhSP3, and PhSP4. These 
markers highlight the usability of a retrotransposon-based 
marker systems in determining the interspecific variability of 
bamboos.
4.2 | Map of bamboo genome
Apart from the paucity of genome-wide molecular markers, 
attempts to map bamboo genomes confronted another big 
challenge, the absence of mapping populations. Most of the 
bamboos being monocarpic and considering the long life 
cycle that extends up to 100 years, the prospect of develop-
ing conventional mapping populations as done in annual 
cereals is improbable. The only option is to look for inbred 
population developed from a flowering clone that may seg-
regate for some of the loci, the extend of which depends on 
the heterozygosity in the mother clone. Therefore, earlier 
attempt to map the bamboo genome remains obscure, until 
the development of genome-wide markers. The first study 
of a high-density genetic map of bamboo came recently 
(Guo, Ma, et al., 2019) reported from an inbred population 
of 190 progenies of ma bamboo (Dendrocalamus latiflo-
rus Munro) using 3,627 ddRAD markers. The genetic map 
showed 36 linkage groups corresponding to the 36 chro-
mosome pairs covering 93.3% of the genome. The total 
map length was 3,113  centimorgans (cM), with an aver-
age marker distance of 0.93 cM per marker. The length of 
the linkage groups ranged between 4.91 and 131.69 cM. A 
total of 720 (19.9%) markers showed high synteny between 
ma bamboo and the rice genome. The comparative analysis 
supported a hexaploid origin of ma bamboo. In addition, 
the scaffolds of assembled sequences of the B. amplexicau-
lis were aligned with the genetic map of ma bamboo, show-
ing that 244 scaffolds covering 481.40  Mb matched with 
72.0% consanguinity, confirming high level of congruence 
between the ddRAD data and the assembled sequences. 
Besides, Guo, Ma, et al. (2019) reported noncoding RNAs 
such as microRNA (miRNA), ribosomal RNA (rRNA), 
transfer RNA (tRNA), small nuclear RNA (snRNA), and 
small nucleolar RNA (snoRNA) genes across bamboo ge-
nomes. These genetic resources will be useful for in-depth 
studies and analyses of the transcriptome, DNA methyla-
tion, and histone modification of the bamboo genomes.
4.3 | Transposable elements
Transposable elements (TEs, jumping genes, or transposons) 
are innate genetic elements that move around the genomes 
of higher plants (McClintock, 1984) and often considered as 
evolutionary signatures (Feschotte & Wessler, 2002; Jurka, 
Kapitonov, Kohany, & Jurka,  2007). Although their spe-
cific functions within the genome remain enigmatic, TEs 
are known to create spontaneous genomic variations by 
their transposition behavior (Bourque et  al.,  2018). Recent 
advancements in molecular diagnostics recruit TEs as tools 
for studying genome-level variation, evolution, gene tag-
ging, and targeted gene silencing, which overall can facili-
tate crop improvement (Cho, 2018; Joly-Lopez et al., 2017; 
Makarevitch et  al.,  2015). TEs are predominantly divided 
into two classes, class I elements or retrotransposons and 
class II elements or DNA transposons (Bourque et al., 2018). 
Genome of higher plants usually possess large proportion of 
TEs, particularly of retrotransposon families. In the moso 
bamboo genome, TEs account for 63.3% (Zhao, Gao, et al., 
2018), which is relatively lower than that in the maize ge-
nome (85%) (Schnable et al., 2009) and similar to that in the 
sorghum genome (62%) (Paterson et al., 2009). However, the 
moso bamboo genome possesses higher proportion of TEs 
than rice (40%) (Goff et al., 2002) and Brachypodium (28%) 
genomes (Initiative, 2010). In bamboo species, the TE con-
tents correlate with the genome sizes (Guo, Ma, et al., 2019; 
Li, Shi, et al., 2020) of six bamboos, B. amplexicaulis, G. an-
gustifolia, O. latifolia, R. guianensis, R. distichophylla, and 
moso bamboo, indicating that the TE proliferation might have 
been the major driver of bamboo species evolution (Wicker 
et al., 2007). Among these, G. angustifolia and moso bam-
boo contain more TEs (Guo, Ma, et al., 2019). In the study 
of Zhao, Gao, et al. (2018) that thoroughly interrogated TEs 
in the moso bamboo genome, TE insertions were frequently 
found around the flanking regions of 26,366 genes, which 
is 51.6% of the entire genes annotated in the moso bamboo 
genome. The total length of the inserted TEs around bamboo 
genes is ~46 Mb, and the highly conserved genes are associ-
ated with more TEs. Interestingly, the genome-wide analysis 
showed that LTR retroelements locate distantly from genes 
and exhibited substantially strong transcriptional activity. 
The divergence rate of TEs was estimated as 30%, suggesting 
ancestral origin of TE insertions. Among the different classes 
of TEs in the moso bamboo genome, retrotransposons ac-
counted for 45.7% of the entire genome, followed by DNA 
transposons (10.4%), and the remaining 7.2% was unclas-
sified. Among the retroelements, 43.9% was long terminal 
repeat (LTR) elements, 1.7% was long interspersed nuclear 
elements (LINEs), and 0.03% are short interspersed nuclear 
elements (SINEs).
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The LTR families are the most dominant species among 
the retrotransposons representing over 50% of all TEs. 
Particularly, Ty3-gypsy and Ty1-copia are found to have the 
highest copy numbers (Peng, Lu, et al., 2013; Zhao, Gao, 
et al., 2018). Given that LTR retrotransposons play signifi-
cant roles in bamboo genome evolution (Li, Ramakrishnan, 
et al., 2020), Ty3-gypsy and Ty1-copia elements are thought 
to be responsible for enlarging the genome size of moso bam-
boo (Zhou, Hu, & Zhu, 2017; Zhou, Zhong, Zhang, Tang, & 
Tang, 2010). Moreover, the LTRs produce more than 30% of 
small interfering RNAs (siRNA) in the moso bamboo (Zhou, 
Zhu, Bai, Hänninen, & Meng,  2017) that might contribute 
to diversification of gene regulatory network. Intriguingly, 
an active LTR retroelement, Phyllostachys heterocycla ret-
rotransposon 2 (PHRE2), increased its copy number when 
transgenic Arabidopsis plants carrying PHRE2 were chal-
lenged with environmental stresses, gamma ray irradiation, 
and plant hormones (Zhou, Liang, & Hänninen, 2018). Such 
transposition behavior upon specific external stimulation po-
tentiates the usage of a particular family of retrotransposon 
as breeding resource that creates novel agronomic alleles and 
rewire gene regulatory network. In moso bamboo, 4.7% of 
the genome is accounted by nonautonomous transposon-like 
miniature inverted-repeat transposable elements (MITEs) 
from which massive small RNAs are originated (Zhou, Tao, 
et al., 2016). Among the TEs found around the promoter re-
gions, approximately 85.7% were from three families (Zhou, 
Zhou, & Hänninen, 2018), hAT-like transposons, MITEs, and 
SINEs. The presence of MITEs in the promoter regions is 
associated with gene repression (Zhou, Chen, Chen, Zhou, 
Tang, & Hänninen, 2017), presumably through the establish-
ment of the epigenetic silencing mediated by siRNAs target-
ing TEs.
DNA transposons of moso bamboo are the most widely 
studied among the bamboo TEs (Zhong, Zhou, Xu, & 
Tang, 2010; Zhou, Liu, & Tang, 2012; Zhou, Lu, Zhong, Liu, 
& Tang, 2010; Zhou, Lu, Zhong, Tang, & Tang, 2010; Zhou, 
Zhong, & Tang, 2011). They are classified to three superfam-
ilies: mariner-like elements (MLE), P instability factor (PIF)-
like elements, and Pong-like elements. Extensive phylogenetic 
studies carried out in 38 genera of the Bambusoideae sub-
family revealed that DNA transposons are rather widespread, 
abundant, and diverse among the bamboos. Among the TEs 
in the bamboo genome, MLEs are thought to be most active 
in transposition, presumably because they contain the intact 
DNA-binding motifs, DD39D catalytic domains, and only a 
few notable frameshifts (Zhou, Zhong, et al., 2011). Indeed, 
two distinct full-length MLEs from moso bamboo, Ppmar1 
and Ppmar2 (Zhou, Zhong, Hu, & Tang,  2015), exhibited 
active transposition in yeast and Arabidopsis plants (Zhou, 
Hu, Liu, & Tang,  2016; Zhou, Hu, Miskey, et al., 2017). 
Both Ppmar1 and Ppmar2 preferably inserted into TA-rich 
regions, into or near genes, implicating their relevance to 
gene regulation. Previous studies attempted to understand the 
transposition control of MLEs. Ramakrishnan, Zhou, Pan, 
Hänninen, Yrjälä, et al. (2019) were able to alter the transpo-
sition frequency of Ppmar2 by 1.5–2.0 times more than that 
of the wild-type yeast by increasing the affinities of terminal 
inverted repeats (TIRs) toward the DNA-binding domain of 
TPase. Further, the nuclear export signal (NES) domains of 
both Ppmar1 and Ppmar2 elements regulate the nuclear ex-
port of TPases that ultimately influences the transposition ac-
tivity of MLEs (Ramakrishnan, Zhou, Pan, Hänninen, Tang, 
et al., 2019). Altogether, TEs are potent gene regulators in 
the moso bamboo genome that vastly alter genetic and epi-
genetic architecture. Given that most TEs are controllable by 
certain environmental stimuli, TEs are obviously attractive 
breeding agents that will allow us to manipulate the bamboo 
genome and extend the pool of genetic variations. Advances 
of our understanding of TEs will greatly enhance the genetic 
improvement of bamboo.
5 |  DEVELOPMENT OF GENOMIC 
RESOURCES FOR IDENTIFYING 
GENES UNDERLYING KEY TRAITS
5.1 | Transcription factors
Transcription factors (TFs) are DNA-binding proteins that 
control gene transcription in order to regulate gene expres-
sion. There are several of them in the genomes of higher 
organisms that work in a coordinated fashion. In moso 
bamboo genome, a total of 1,771 TFs were reported using 
transcriptome sequencing (Zhao, Dong, et al., 2016), which 
showed various expression patterns in different tissues col-
lected from leaf, rhizome, root, shoot, and panicle (Table 3). 
Classified into 54 families, several of the TFs belonged to 
large gene families such as MYB (myeloblastosis), NAC 
(no apical meristem, NAM–Arabidopsis transcription acti-
vation factor, ATAF–cup shaped cotyledon, CUC), WRKY 
(tryptophan–arginine–lysine–tyrosine), AP2/ERF, ARF 
(auxin response factor), bZIP (basic leucine zipper), G2 
(golden2)-like, bHLH (basic helix–loop–helix), and HD-ZIP 
(homeodomain-leucine zipper). Later, using the iTAK da-
tabase (http://bioin fo.bti.corne ll.edu/cgi-bin/itak/index.cgi), 
Zhao, Gao, et al. (2018) identified 3,497 TFs belonging to 
69 families from the chromosome-level reference genome of 
moso bamboo. Among these, four TF families, bHLH, MYB, 
AP2/ERF, and NAC, had more than 240 TFs, and six fami-
lies, C3H (Cys3His zinc finger domain containing protein), 
MYB-related, GRAS (gibberellic acid Insensitive, GAI–re-
sistance gene analogue, RGA–SCARECROW, SCR), bZIP, 
C2H2 (Cys2His2-like fold group zinc finger protein), and 
WRKY, had between 100 and 200 TFs. The remaining fam-
ilies had less than 100 TFs. Comparatively, moso bamboo 
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genome possesses more TFs than that of Arabidopsis, purple 
false brome, rice, sorghum, foxtail millet, and maize (Zhao, 
Gao, et al., 2018).
TFs regulate several ontogenetic behaviors in bamboo, 
especially those are environmentally triggered. Conditional 
and tissue-specific gene expression requires strong regula-
tory network of genes (Liu, Gao, et al., 2020). One such trait 
is flowering behavior, wherein at least 1,768 TFs belonging 
to 54 families have been identified in moso bamboo (Peng, 
Lu, et al., 2013). They found that 30% of flowering-related 
genes were heat-shock protein genes, TFs, and stress-related 
genes underscoring the environmental regulation of flow-
ering behavior. Among the TFs, MADS (minichromosome 
maintenance 1, MCM1–agamous–deficiens–serum response 
factor) box genes showed expression patterns were similar 
to those in Arabidopsis and rice. Overexpression of moso 
bamboo MADS box genes, PheMADS15 and PeMADS5 in 
Arabidopsis, showed to induce an early flowering phenotype 
(Cheng et al., 2017; Zhang, Tang, Lin, Ding, & Tong, 2018). 
In a recent study on the rapid growth of bamboo, Wang, Li 
et al. (2019) suggested that the brassinazole-resistant (BZR) 
TF, PeBZR1, is one of the key regulators during the rapid 
growth. Furthermore, the overexpression of GSK3/shag-
gy-like kinase 1 (PeGSK1) in Arabidopsis negatively regu-
lated BZR1 TF-dependent cell growth genes. Similarly, the 
TF, growth-regulating factor (GRF), is essentially required 
during bamboo's developmental stages, such as during leaf 
and early panicle development, wherein PeGRF genes were 
found highly expressed in moso bamboo. By overexpressing 
PeGRF11 gene in Nicotiana benthamiana, Shi et al. (2019) 
found that it played a prominent role in hormone regula-
tion. Thirty-one GATA-binding TFs were reported to reg-
ulate bamboo shoot and rhizome growth, as observed from 
the repression of primary root length and plant height in 
Arabidopsis, when one of the genes PeGATA26 was overex-
pressed (Wang, Yang et al., 2019).
The TFs also play a significant role in stress response in 
bamboos. A total of 448 bHLH genes falling under 21 sub-
families have been identified in moso bamboo, which were 
shown to be differentially expressed following drought and 
abscisic acid and methyl jasmonate treatments by qRT-PCR 
analysis (Cheng, Xiong, et al., 2018). Likewise, 121 genes be-
longing to WRKY family have been identified in moso bam-
boo, and through qRT-PCR, the expression pattern of some 
these genes was shown to vary under abiotic stress. WRKY 
genes, one of the largest families in higher plants, are impli-
cated in numerous biological processes. In Arabidopsis, the 
overexpression of PheWRKY72-2 was found to decrease the 
early growth stage drought stress response in seedlings (Li 
et al., 2017). Furthermore, 35 members of trihelix transcrip-
tion factors (TTFs) were observed to show higher expression 
in bamboo leaves and panicles in response to drought and salt 
stress treatments (Cheng, Xiong, et al., 2019). Liu, Wu, et al. 
(2020) recently identified that TF responses to cold stress 
are specific to moso bamboo. Since the TFs act as regula-
tory switches for gene expression, both temporal and spatial, 
they are critical in understanding the fast growth, flowering 
behavior, and stress response in bamboos. Recently, studies 
oriented toward understanding the molecular physiology of 
woody bamboos have gained pace to boost the industrial use 
of such bamboo species.
5.2 | MicroRNAs and circular RNAs
Another critical regulatory element in higher plant genomes 
is noncoding RNAs. They are small but powerful in regulat-
ing plant growth and development. The first successful report 
on noncoding RNAs, particularly miRNAs, of bamboo (ma 
bamboo) was reported by Zhao, Chen, Peng, Wang, and Gao 
(2013). In this study, 81 novel miRNAs (76 mature miRNAs 
and five star miRNAs) and 84 conserved miRNAs (54 mature 
miRNAs and 30 star miRNAs) belonging to 17 families were 
identified in leaf tissues by deep sequencing. miRNAs are 
endogenous, 21 nucleotide-long genetic elements, which act 
as a negative regulator of their target genes and are involved 
in a series of developmental processes. Following the success 
of Zhao, Chen, et al. (2013) report, in moso bamboo, He, Cui, 
Zhang, Duan, and Zeng (2013) first identified 732 miRNAs 
and 453 novel miRNAs and studied their expression profiles 
during culm development. Similarly, a total of 75 miRNAs 
and 24 miRNA variants of 22 families have been identified 
in moso bamboo roots and seedlings using NGS, and their 
mRNA targets were predicted (Xu et al., 2014). For instance, 
the target of PedmiR164b was identified as PeSNAC1 gene 
that play an important role in plant development, drought, 
and salinity tolerance (Wang et al., 2016).
In the moso bamboo genome at chromosome-level as-
semblies, Zhao, Gao, et al. (2018) recently identified vari-
ous types of noncoding RNAs, and among them, snRNA had 
the highest copy numbers (910), followed by tRNA (881), 
rRNA (408), and miRNA (349). The miRNA expression 
also alters the morphological and physiological characters of 
plants (Liu, Yu, Tang, & Huang, 2018). Cheng, Hou, et al. 
(2019) identified 152 novel miRNAs from 26 miRNA fam-
ilies and demonstrated that miRNA159 played an essential 
role in stamen development through in situ hybridization. 
The overexpression of PhemiR159 reduced anther develop-
ment and fertility in Arabidopsis by regulating the expression 
of AtMYB33 TF. Flowering is an important feature where dif-
ferential expression of miRNAs is observed in moso bamboo. 
Studies on tissues collected during nonflowering and flow-
ering phases revealed a total of 492 differentially expressed 
novel miRNAs and 409 known miRNAs, which could be 
further validated using qRT-PCR assays (Gao et al., 2015). 
During floral initiation, miRNAs such as miR159a.1, 
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miR160a, miR168-3p, miR390a, miR393, and miR5139 were 
found to play key roles through regulatory pathways in moso 
bamboo. Among these, miR390a and miR5139 were involved 
in plant–pathogen interactions, miR160a and miR393 were 
involved in hormone signal transduction, and miR159a.1 and 
miR168-3p were found to have a regulatory role in the endo-
plasmic reticulum during protein processing (Ge et al., 2017).
Not known until recently, circular RNAs (circRNAs) are 
a class of noncoding RNAs that are believed to have regula-
tory functions. Although their exact functions are still under 
debate, circRNAs are known to as a “sponge” for miRNAs 
(Dori & Bicciato, 2019; Hansen et al., 2013). This sponging 
function is due to the presence of several miRNA response 
elements (MREs) that bind with a particular type of miRNA. 
Very recently, using NGS technology, Wang, Gao, et al. 
(2019) identified 895 circRNAs in moso bamboo, generated 
from 759 coding genes involved in the lignin, cellulose, and 
hemicellulose biosynthetic process. These circRNAs interact 
with miRNAs to regulate their associated linear mRNAs. In-
depth studies on miRNAs and circRNAs in bamboos could 
throw light on complex regulatory patterns for the develop-
mental mechanisms and also for the expression of traits of 
industrial relevance.
5.3 | Genome-wide global and conditional 
coexpression networks
To unfurl the complexity in gene expression, an analysis of 
their coexpression network is a promising route (Zinkgraf, 
Gerttula, Zhao, Filkov, & Groover, 2018). To achieve this, 
a complementary approach has successfully been used: the 
cross-species gene network inference. This could not only 
can aid to resolve networks at a finer level but also can help 
in identifying genes that are hitherto not mapped. In this ap-
proach, transcriptome assemblies of two or more species 
are considered together to chart the expression sequences 
common to all species and responses that are species-spe-
cific. Zinkgraf, Groover, and Filkov (2018) proposed a tool, 
fastOC, for the gene coexpression network analyses across 
multiple species. Initial evidence shows that the tool works 
effectively in calculating coexpression modules with mini-
mal computing requirements, thus making cross-species gene 
network comparison practical.
A large amount of moso bamboo transcriptome datasets 
are currently available from different developmental stages 
and under different stress conditions. From the potential 
benefits of the coexpression network analysis, it is possi-
ble to utilize these data to construct coexpression networks 
for a better understanding of the molecular mechanisms of 
moso bamboo ontogeny and development at different growth 
stages (Figure  2). Following these lines, Ma et  al.  (2018) 
constructed the coexpression network of moso bamboo 
using genome sequences and 78 transcriptomes. They built 
genome-wide global and conditional coexpression networks 
and identified 1,896 functional modules associated with 
bamboo growth and development. This has led to the build-
ing of BambooNET, an online database for moso bamboo 
coexpression network available at http://bioin forma tics.cau.
edu.cn/bamboo. The site also offers free module enrichment 
analysis, cis-element analysis, gene sets analyses, and other 
functional tools. New opportunities have emerged after the 
availability of the moso bamboo's reference genome, together 
with the draft genomes of four major bamboos, including B. 
amplexicaulis, G. angustifolia, O. latifolia, and R. guianen-
sis, as well as the moso bamboo's transcriptome database and 
BambooNET (Figure 3).
5.4 | Transcriptomes and proteomes
Gene expression products are important indicators of ge-
netic functions in an organism, growth, development, sus-
tenance, stress alleviation, and reproduction. Genome-wide 
expression products can be compartmentalized with respect 
to three levels of their development, such as transcriptomes, 
proteomes, and metabolomes. Transcriptomes are the array 
of transcription products, processed mRNAs that are pro-
duced at different levels of organization, either constitutive 
(global) or tissue/stage/environment-specific (conditional). 
Transcriptomes are indicators of the immediate genome re-
sponse and therefore can significantly lead to genes respon-
sible for organism's behavior (Gao, Zhao, & Tang, 2018). In 
moso bamboo, paired-end RNA-seq libraries were prepared 
by sequencing transcriptomes from young leaves, rhizomes, 
roots, internodes, shoots, flower panicles, flowers, sheaths, 
buds, etc. The transcriptome assembly was then compared 
with whole-genome sequences for identification. The whole 
analysis required next-generation platforms such as Illumina 
HiSeqTM 2000, or 2,500, or 4,000 (Illumina, San Diego, CA, 
USA) and Roche 454 GS FLX, for sequencing, alignment, 
and gene ontology studies using the Kyoto Encyclopedia of 
Genes and Genomes (KEGG) pathway, etc., The moso bam-
boo draft genome was mostly used as a reference genome for 
assembling the transcriptomes, to highlight the interdepend-
ence of genomics and transcriptomics. Further, transcrip-
tomes of moso bamboo have been compared under various 
developmental stages such as flowering (Cheng, Hou, et al., 
2018), spatial fast growth of shoots (Li, Cheng, et al., 2018) 
and newly elongated shoots, as well as under experimental 
conditions such as auxin treatment and exposure to abiotic 
stress. A compilation of the outcomes of these studies is 
given in Table 4. Raw sequences of moso bamboo transcrip-
tomes are publicly available in Sequence Read Archive da-
tabase at the National Center for Biotechnology Information 
(www.ncbi.nlm.nih.gov/sra), European Molecular Biology 
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Laboratory, and in the BambooNET and GigaScience (http://
gigadb.org/) databases. Recent transcriptome studies in moso 
bamboo illustrate the roles of endogenous hormones in culm 
development and identified many biological pathways related 
to cell wall biosynthesis, the flowering process, the shoot fast 
growth, and their role under abiotic stress (Cheng, Hou, et al., 
2018; Li, Shi, et al., 2018; Wang et al., 2018). A coexpression 
network was established for flower development, and TFs, 
transposable elements, and noncoding RNA profiles were 
identified. The expression of the transcript was validated by 
quantitative real-time (qRT-PCR) analysis. Fan et al. (2013) 
recommended TIP41 and NTB as reference genes for the reli-
able quantification of candidate gene expressions for moso 
bamboo. In a latest transcriptomic investigation, Liu, Wu, 
et al. (2020) had elucidated differentially expressed genes 
(DEGs) on cold response in moso bamboo, identifying more 
late-responsive genes than early-responsive ones under cold 
exposure. As many as 222 TFs belonging to 24 families and 
several C-repeat/dehydration-responsive element-binding 
factor (CBF) elements were found up-regulated under cold 
stress implying the presence of a complex cold response net-
work in moso bamboo.
Proteomes are genome-wide translation products follow-
ing gene expression. Understanding the proteome pattern of 
the plant response to developmental impulse can help in iden-
tifying the pathway through which the traits are expressed. 
Owing to this potential, proteomics studies are widely used 
in understanding physiological response to various environ-
mental conditions, be it a stress or a favorable condition. Such 
studies are being routinely used in commercial crops of the 
grass family Poaceae. Compared with other grass genomes, 
however, limited proteomic information is available in moso 
bamboo. Cui, He, Zhang, Duan, and Zeng (2012) investigated 
protein expression patterns in rapidly growing moso bamboo 
culms through two-dimensional electrophoresis (2-DE) and 
mass spectrometry (MS). By observing the internode elon-
gation at different stages of moso bamboo development, a 
total of 258 spots showed differential expression, of which 
213 were identified by matrix-assisted laser desorption/ion-
ization time-of-flight (MALDI-TOF/TOF) mass spectrome-
try. These proteins were involved in different pathways, such 
as cell division, cell expansion, carbohydrate metabolism, 
protein synthesis, redox homeostasis, and amino acid me-
tabolism. Internode- and stage-specific protein profiles were 
also identified. Proteins involved in culm development were 
highly expressed during cell division. Four endogenous hor-
mones, indole acetic acid, gibberellic acid, abscisic acid, and 
zeatin riboside, strongly regulated the cell elongation phase. 
To improve bamboo proteomic studies, Yu et al. (2019) es-
tablished an efficient method for total protein extraction in 
moso bamboo and mass spectrometry-based proteomics for 
gene annotation. The method predicted 10,376 coding genes 
and 1,015 long noncoding RNAs (lncRNA), providing a basis 
for proteomics-assisted genome annotation in moso bamboo.
F I G U R E  2  A flow model indicating a cooperative transcriptome analysis network for gene discovery in moso bamboo using publicly 
available datasets. The source of transcriptomes for different experimental conditions will be deposited in Sequence Read Archive database at the 
National Center for Biotechnology Information, European Molecular Biology Laboratory, and in the GigaScience and BambooNET databases, 
etc., by the partner institutions, which will then be added into the gene discovery pipeline involving comparative transcriptomics, coexpression 
networks, and validation
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5.5 | Fast-growth internodes, floral 
development, and flowering time
One of the most intriguing features of bamboo biology, as 
seen in the case of moso bamboo, is the fast-growing nature 
of internodes. Although genetic connotations of this unique 
phenomenon are hardly understood, it has invoked great curi-
osity in the bamboo scientific community. Nevertheless, sev-
eral genes such as TFs, plant hormones, cell cycle regulation 
genes, and genes involved in cell wall metabolism and cell 
morphogenesis have been implicated to play a crucial role in 
the rapid growth of moso bamboo shoots (Li, Cheng, et al., 
2018; Peng, Zhang, et al., 2013). Very recently, acid invertases 
(INVs) have been found highly enriched in fast-growing in-
ternodes of moso bamboo and are believed to have a sig-
nificant role to play in their accelerated growth (Guo, Chen, 
et al., 2020). INV genes such as PhCWINV1, PhCWINV4, 
and PhCWINV7 have been demonstrated to increase biomass 
production when overexpressed in Arabidopsis. Similarly, 
increased accumulation of brassinosteroids (BRs) has also 
been observed in the fast-growing moso bamboo internodes. 
But, the role of BRs is still not well understood in abetting 
the fast growth, because when the gene PSBR1 encoding 
for a mitochondrial localized protein was overexpressed in 
Arabidopsis, BRs were seen negatively regulating the gene 
resulting in inhibited plant growth (Guo, Zhang, et al., 2020). 
The above findings throw light on the complex nature of mo-
lecular regulation of mechanisms in fast-growth internodes 
of moso bamboo.
As previously mentioned, flowering in bamboo is a pecu-
liar phenomenon due to its long vegetative phase. Extending 
more than 60 years to bloom, with monocarpic nature wherein 
the seed production occurs only once in lifetime at the terminal 
phase, the trigger to flowering in moso bamboo still remains 
a puzzle. Therefore, the switch from the vegetative phase to 
reproductive stage is difficult to predict (Clark et al., 2015). 
Strong biochemical signaling is envisaged in the flowering 
process, because in general, all the shoots, both young and old, 
formed from a common rhizome flower together. Although 
previous studies have identified the importance of the medi-
acy meristem in shoot growth, understanding has remained 
limited of the nature of bamboo growth, infrequent sexual 
reproduction pattern, and long flowering intervals (Lee & 
Chin, 1960; Lin, He, Hu, Kuang, & Ceulemans, 2002).
Under the circumstances of no concrete information on 
the factors that trigger flowering in bamboos, the future 
genomic studies may drive inroads into unraveling its mys-
tery. Analysis of coexpression networks from related grass 
F I G U R E  3  A schematic representation of different moso bamboo research areas using different biotechnology tools for genetic development 
of moso bamboo. White letters indicate the future direction of moso bamboo research
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T A B L E  4  List of transcriptome studies in moso bamboo under different experimental conditions, and their results including accession number
Phenology Types of tissue Sequencing technology Types of assembly Total number of genes identified Major findings Accession number References
Different development 
stage
Culms of different 
internode
Paired-end reads (Illumina 
HiSeq™ 2000)
De novo 60,393 The role of the endogenous hormone in culm development. Genes involved in 
signal transduction, translation, transport, and several metabolism pathways were 
identified. The microRNA expression profile was developed. Culm development 
is regulated by transcriptome, post-transcriptome, miRNA, and proteome
SRX329521 He et al., 2013
Flowering Young leaves, rhizomes, 
roots, panicle 1 and 2, 
and shoot tips (20 and 
50 cm)
Paired-end reads (Illumina 
HiSeq™ 2000)
De novo 31,987 The first draft genome of moso bamboo revealing transposable elements, protein-
coding genes involved in cell wall biosynthesis, flowering process, tRNA, rRNA, 
small nucleolar RNA, small nuclear RNA, miRNA genes
ERP001341, (EMBL) Peng, Lu, et al., 
2013
Fast-growing shoot Six different heights of 
the shoot (10, 50, 100, 
300, 600, and 900 cm) 
and culms
Paired-end reads (Illumina 
HiSeq™ 2000)
De novo and the 
reference genome
16,519 The candidate genes identified associated with the TFs, cell cycle regulation, plant 
hormones, cell morphogenesis, and cell wall metabolism during fast growth of 
moso bamboo shoots




Leaf and panicle of 
flower
Paired-end reads (Illumina 
HiSeq™ 2000)
Reference genome 30,640,507 and 30,868,269 The gene expression between flowering and nonflowering tissues and correlation 
of drought response genes during flower development. Various TFs of floral 
development, genes involved in flower development, and flowering time control 
were identified
SRR1187864, SRR1185317 Gao et al., 2014
In vitro -derived 
reproductive and 
vegetative materials
Roots, shoots, and 
flowers
Roche 454 GS FLX 
Titanium, Illumina and 
454 + Illumina (Hybrid)
De novo 11,646 for 454 datasets, 39,261  
for Illumina dataset and 7,141  
for the hybrid dataset
Combination of Roche 454 GS FLX titanium and Illumina sequencing resulted 
in longer sequence lengths and complete transcriptome assembly. Identified 16 
BeMADS genes and their expression levels were studied using qRT-PCR. Most of 
the BeMADS genes were up-regulated in flower tissue, and the expression pattern 
was similar to that of the rice genes
SRP043102 Shih et al., 2014
Fast-growing shoots at 
eight different heights 
(50, 100, 300, 600, 
900, and 1,200 cm)
Culm tissue after leaf 
expansion
Paired-end reads (Illumina 
HiSeq™ 2000)
Reference genome 5,740 (isoforms) Investigation of the functions of AS events and isoforms in the physiological 
process during shoot growth. A comprehensive view of alternative splicing 
profiles to understand moso bamboo growth and development. Isoform 
expression showed that moso bamboo has four stages in the shoot growth
NA Li et al., 2016
Development stage Leaf, rhizome, root, 
shoot, and panicle
Paired-end reads (Illumina 
HiSeq™ 2000)
De novo and the 
reference genome
3,038 (DEGs) The transcriptional expression profile for plant growth and development. Gene 
structure and conserved motifs of GRAS TFs were identified. DEGs of panicle 
and leaf were higher in glutathione, photosynthesis, porphyrin, and chlorophyll 
metabolism






Leaves Paired-end reads (Illumina 
HiSeq™ 2000)
Reference genome 19,059 The response to high light conditions identifying global gene expression patterns, 
and annotation of LHC protein, LHC-like protein, and PsbS and pathways of 
ROS. Eight different families of TFs related to photosynthetic regulations were 
identified




Underground shoot (the 
wild-type (WT) and the 
thick wall variant)
shoots at the S-2 stage Paired-end reads (Illumina 
HiSeq™ 2500)
Reference genome 1,050 (DEGs) The molecular mechanism of the thick wall variant and wild-type (WT). The 
candidate genes for cell wall synthesis, hormone metabolism, and TFs (bHLH, 
bZIP and MYB families) were identified. Gene expression in thick wall variant 
was higher than WT
SRP075216 Wei et al., 2017
Auxin treatment Root parts from 
1-month-old seedlings
Paired-end reads (Illumina 
HiSeq™ 2500)
Reference genome 2,279 (DEGs) The effect of exogenous auxin on crown and primary roots. Genes involved in 
auxin activity, such as auxin synthesis, auxin transport, and auxin signaling 
pathways are conserved in rice, bamboo, and Arabidopsis species. The conserved 
genes regulate the auxin pathway in moso bamboo
GSE100172 Wang, Gu, 
et al., 2017
Newly elongated shoots Young shoots 
(approximately 25 cm 
above ground height)
Paired-end reads (Illumina 
HiSeq™ 2000)
Reference genome 27,254 The spatial regulation of hormones and the role of the transcriptome during the 
initiation of shoot growth. Growth hormones accumulated in the shoot apex and 
stress hormones were mainly found in the lower part of the shoot. Transcripts 
associated with cell wall metabolism, biosynthesis of phenylpropanoid 
metabolites, DNA synthesis, etc., were identified
PRJNA342231 (BioProject). Gamuyao 
et al., 2017
Underground rhizome Underground rhizome 
tip, lateral bud on the 
rhizome, new shoot tip, 
root initiated from the 
rhizome, and leaf
PacBio RSII sequencing 
system, Paired-end reads 
(Illumina HiSeq™ 2500)
Reference genome 11,902 Compared PacBio and Illumina reads. The post-transcriptional mechanism in 
the underground rhizome–root system was studied. Alternative splicing profile 
identified, which was enriched in post-translational protein modification, cellular 
carbohydrate metabolic process, and microtubule-based process
GSE90517 Wang, Wang, 
et al., 2017
(Continues)
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T A B L E  4  List of transcriptome studies in moso bamboo under different experimental conditions, and their results including accession number
Phenology Types of tissue Sequencing technology Types of assembly Total number of genes identified Major findings Accession number References
Different development 
stage
Culms of different 
internode
Paired-end reads (Illumina 
HiSeq™ 2000)
De novo 60,393 The role of the endogenous hormone in culm development. Genes involved in 
signal transduction, translation, transport, and several metabolism pathways were 
identified. The microRNA expression profile was developed. Culm development 
is regulated by transcriptome, post-transcriptome, miRNA, and proteome
SRX329521 He et al., 2013
Flowering Young leaves, rhizomes, 
roots, panicle 1 and 2, 
and shoot tips (20 and 
50 cm)
Paired-end reads (Illumina 
HiSeq™ 2000)
De novo 31,987 The first draft genome of moso bamboo revealing transposable elements, protein-
coding genes involved in cell wall biosynthesis, flowering process, tRNA, rRNA, 
small nucleolar RNA, small nuclear RNA, miRNA genes
ERP001341, (EMBL) Peng, Lu, et al., 
2013
Fast-growing shoot Six different heights of 
the shoot (10, 50, 100, 
300, 600, and 900 cm) 
and culms
Paired-end reads (Illumina 
HiSeq™ 2000)
De novo and the 
reference genome
16,519 The candidate genes identified associated with the TFs, cell cycle regulation, plant 
hormones, cell morphogenesis, and cell wall metabolism during fast growth of 
moso bamboo shoots




Leaf and panicle of 
flower
Paired-end reads (Illumina 
HiSeq™ 2000)
Reference genome 30,640,507 and 30,868,269 The gene expression between flowering and nonflowering tissues and correlation 
of drought response genes during flower development. Various TFs of floral 
development, genes involved in flower development, and flowering time control 
were identified
SRR1187864, SRR1185317 Gao et al., 2014
In vitro -derived 
reproductive and 
vegetative materials
Roots, shoots, and 
flowers
Roche 454 GS FLX 
Titanium, Illumina and 
454 + Illumina (Hybrid)
De novo 11,646 for 454 datasets, 39,261  
for Illumina dataset and 7,141  
for the hybrid dataset
Combination of Roche 454 GS FLX titanium and Illumina sequencing resulted 
in longer sequence lengths and complete transcriptome assembly. Identified 16 
BeMADS genes and their expression levels were studied using qRT-PCR. Most of 
the BeMADS genes were up-regulated in flower tissue, and the expression pattern 
was similar to that of the rice genes
SRP043102 Shih et al., 2014
Fast-growing shoots at 
eight different heights 
(50, 100, 300, 600, 
900, and 1,200 cm)
Culm tissue after leaf 
expansion
Paired-end reads (Illumina 
HiSeq™ 2000)
Reference genome 5,740 (isoforms) Investigation of the functions of AS events and isoforms in the physiological 
process during shoot growth. A comprehensive view of alternative splicing 
profiles to understand moso bamboo growth and development. Isoform 
expression showed that moso bamboo has four stages in the shoot growth
NA Li et al., 2016
Development stage Leaf, rhizome, root, 
shoot, and panicle
Paired-end reads (Illumina 
HiSeq™ 2000)
De novo and the 
reference genome
3,038 (DEGs) The transcriptional expression profile for plant growth and development. Gene 
structure and conserved motifs of GRAS TFs were identified. DEGs of panicle 
and leaf were higher in glutathione, photosynthesis, porphyrin, and chlorophyll 
metabolism






Leaves Paired-end reads (Illumina 
HiSeq™ 2000)
Reference genome 19,059 The response to high light conditions identifying global gene expression patterns, 
and annotation of LHC protein, LHC-like protein, and PsbS and pathways of 
ROS. Eight different families of TFs related to photosynthetic regulations were 
identified




Underground shoot (the 
wild-type (WT) and the 
thick wall variant)
shoots at the S-2 stage Paired-end reads (Illumina 
HiSeq™ 2500)
Reference genome 1,050 (DEGs) The molecular mechanism of the thick wall variant and wild-type (WT). The 
candidate genes for cell wall synthesis, hormone metabolism, and TFs (bHLH, 
bZIP and MYB families) were identified. Gene expression in thick wall variant 
was higher than WT
SRP075216 Wei et al., 2017
Auxin treatment Root parts from 
1-month-old seedlings
Paired-end reads (Illumina 
HiSeq™ 2500)
Reference genome 2,279 (DEGs) The effect of exogenous auxin on crown and primary roots. Genes involved in 
auxin activity, such as auxin synthesis, auxin transport, and auxin signaling 
pathways are conserved in rice, bamboo, and Arabidopsis species. The conserved 
genes regulate the auxin pathway in moso bamboo
GSE100172 Wang, Gu, 
et al., 2017
Newly elongated shoots Young shoots 
(approximately 25 cm 
above ground height)
Paired-end reads (Illumina 
HiSeq™ 2000)
Reference genome 27,254 The spatial regulation of hormones and the role of the transcriptome during the 
initiation of shoot growth. Growth hormones accumulated in the shoot apex and 
stress hormones were mainly found in the lower part of the shoot. Transcripts 
associated with cell wall metabolism, biosynthesis of phenylpropanoid 
metabolites, DNA synthesis, etc., were identified
PRJNA342231 (BioProject). Gamuyao 
et al., 2017
Underground rhizome Underground rhizome 
tip, lateral bud on the 
rhizome, new shoot tip, 
root initiated from the 
rhizome, and leaf
PacBio RSII sequencing 
system, Paired-end reads 
(Illumina HiSeq™ 2500)
Reference genome 11,902 Compared PacBio and Illumina reads. The post-transcriptional mechanism in 
the underground rhizome–root system was studied. Alternative splicing profile 
identified, which was enriched in post-translational protein modification, cellular 
carbohydrate metabolic process, and microtubule-based process
GSE90517 Wang, Wang, 
et al., 2017
(Continues)
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species such as maize, rice, wheat, and barley may be one 
of the routes that may lead to the understanding of bamboo 
flowering. Yet, a limited number of genes related to flower 
development have been characterized in bamboo that belongs 
to from the MADS-box gene family (Biswas, Chakraborty, 
Dutta, Pal, & Das,  2016; Wysocki, Ruiz-Sanchez, Yin, & 
Duvall,  2016). In moso bamboo, sixteen BeMADS genes 
were identified, and most of them showed higher expression 
during flower development (Shih et  al., 2014). In addition, 
forty-two PeMADS genes were reported and ectopic over-
expression of PeMADS5 in Arabidopsis was found to cause 
early flowering and developed aberrant flower phenotypes 
(Zhang, Tang, et al., 2018). RNA-seq analyses during four 
important flower development stages in moso bamboo had 
led to the identification of candidate genes related to floral 
transition and flower development (Gao et  al.,  2014). The 
important genes included those belonging to DNA binding 
with one finger (Dof) and MADS-box family. Many differ-
entially expressed microRNAs and their target genes par-
ticipate in diverse primary biological pathways and play 
significant regulatory roles in moso bamboo flowering (Gao 
et al., 2015). More recent studies on the regulatory pathways 
Phenology Types of tissue Sequencing technology Types of assembly Total number of genes identified Major findings Accession number References
Different growth stages Apical, middle, and basal 
parts of the bamboo 
shoot
Illumina GA-II Reference genome 14,902 Key genes involved in secondary cell wall formation, lignin synthesis, cellulose, 
xylan, and NAC-MYB-based TFs were identified. Lignification was higher in the 
mature, middle, and basal segments
PRJNA392761 Zhang, Ying, 
et al., 2018
Fast-growing shoot Seven different heights 
of shoot tips (50, 100, 
300, 600, 900 and 
120 cm) and culms
Paired-end reads (Illumina 
HiSeq™ 2000)
Reference genome 10,344 (DEGs) Cell division and cell elongation-regulated shoot growth. The hormone signaling 
(IAA, GA3, BR, ZR, and ABA) genes regulated the shoot growth and dynamic 
changes in shoot anatomy. Cell cycle-associated gene expression was higher in 
early growth than in the slow growth of shoot. Coexpression network hormone 
signaling genes were observed
NA Li, Cheng, 
et al., 2018
Seedlings were treated 
with H2O or GA3 
(100 μM) for 4 hr.
Four-week-old seedlings Paired-end reads (Illumina 
HiSeq™ 2500)
Reference genome 5,148 (DEGs) The roles of exogenous gibberellins (GA) in internode growth and lignin 
condensation. Identification of 932 cis-NATs, alternative splicing genes and 
GA altered post-transcriptional regulation that affected the regulation of 
photosynthesis in the development of seedlings by adjusting the carbon cycle




Rhizome, root, shoot, 
leaf, sheath, and 
bud, during different 
developmental stages
Paired-end reads (Illumina 
HiSeq™ 4000) and PacBio 
sequencing platforms
Reference genome 25,225 Updating of moso bamboo genome, improvement of the reference genome, 
and chromosome-level de novo genome assembly. The evolutionary view 
of alternative splicing and identification of alternative splicing genes and 
transposable elements. These genes are conserved




Rhizome, roots, shoots, 
leaves, sheaths, and 
buds
Paired-end reads (Illumina 
HiSeq™ 4000) and PacBio 
sequencing platforms
Reference genome 63 PeAQPs, 22 PePIPs,  
20 PeTIPs, 17 PeNIPs, and  
4 PeSIPs
Aquaporin (AQPs) functions studied in water transport in moso bamboo growth 
and development. A total of 63 PeAQPs genes were found, and all these 
were differentially expressed in different tissues. Circadian rhythm changes 
were positive at night and negative in the daytime shown by root pressure. 
Coexpression network of PeAQPs and sugar transport genes
SRX2408703-SRX2408728 Sun et al., 2018
Elongated internodes 
(Wild-type and dwarf 
shengyin bamboo)
Young shoots from 
boosting stage
Paired-end reads (Illumina 
HiSeq™ 2000)
Reference genome 5,067 (DEGs) Genes involved in regulating mechanism for internode growth were identified. 
Genes for cellulose and lignin biosynthesis pathways, hormone biosynthesis, and 
signal transduction were significantly expressed in the internodes of wild and 
shengyin bamboo. Cell wall expansion, phytohormone signaling control, and 
phytohormone signaling were shown
SRP133731 Wang et al., 
2018
Different growth stage Shoot and mature culms 101-nt paired-end reads 
(Illumina HiSeq™ 2500)
Reference genome 29,731 (alternative splicing events) The alternative splicing mechanism in transcriptomes was studied. Genes (36.17%) 
undergo alternative splicing, which was associated with gene characteristics and 
gene expression. Alternative splicing was enriched in dominant splice sites and 
varied in different tissue
SRR961047, SRR1187864, and 
SRR1185317




and seedlings under 
cold, salt and drought 
stresses
Leaves and flowers Paired-end reads (Illumina 
HiSeq™ 2000)
Reference genome 26 PheDof Identification of 26 PheDof TFs genes classified into five groups based on 
expression during flowering. The coexpression network showed PheDof12, 
PheDof14, and PheDof16 were associated with flower development
NA Cheng, Hou, 
et al., 2018
Three-week-old 
seedlings treated at 
−2°C for different 
lengths of time
Leaves Paired-end reads (Illumina 
HiSeq™ 2000)
Reference genome 2,463 (DEGs) and 222 (TFs) Genes and TFs from different families were mostly differentially expressed at 
24-hr cold treatment. Cold response genes in moso bamboo are late-responsive. 
Phytohormone-related pathways played important roles in cold-stress response
Liu, Wu, et al., 
2020
Note: DEGs, differentially expressed genes; EMBL, European Molecular Biology Laboratory; GA3, gibberellins; cis-NATs, cis-nature antisense transcripts; ROS,  
genes related to reactive oxygen species in bamboo; LHC, light-harvesting chlorophyll a/b binding; TFs, transcription factors.
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of flowering behavior in moso bamboo revealed that genes 
such as PheDof1, PheMADS14, and six microRNAs were 
critical in these pathways (Ge et al., 2017). Further, molecular 
mechanisms governing moso bamboo flowering and growth 
control have very recently been elucidated (Yang, Chen, et al., 
2019; Zhang, Tang, et al., 2018). Furthermore, Liu, Cheng, 
Xie, Li, and Gao (2019) observed that PheDof was highly 
expressed in bamboo leaves during flowering, the activity of 
which declines during flower development. Overexpression 
of PheDof in Arabidopsis was reported to cause early flow-
ering (Liu et al., 2019). Similarly, high expression of two 
miRNAs, miRNA159 and miRNA166, was observed in sta-
mens, with concomitant down-regulation of their target TFs, 
PheMYB98 and PheMYB42. Phe-miR159 overexpression af-
fected anther wall thickening in Arabidopsis by inhibiting its 
target, AtMYB33 TF (Cheng, Hou, et al., 2019).
5.6 | Tolerance to abiotic stress
Unlike other cereal crops, external stress factors that affect 
bamboo productivity are mainly abiotic stresses. Although 
Phenology Types of tissue Sequencing technology Types of assembly Total number of genes identified Major findings Accession number References
Different growth stages Apical, middle, and basal 
parts of the bamboo 
shoot
Illumina GA-II Reference genome 14,902 Key genes involved in secondary cell wall formation, lignin synthesis, cellulose, 
xylan, and NAC-MYB-based TFs were identified. Lignification was higher in the 
mature, middle, and basal segments
PRJNA392761 Zhang, Ying, 
et al., 2018
Fast-growing shoot Seven different heights 
of shoot tips (50, 100, 
300, 600, 900 and 
120 cm) and culms
Paired-end reads (Illumina 
HiSeq™ 2000)
Reference genome 10,344 (DEGs) Cell division and cell elongation-regulated shoot growth. The hormone signaling 
(IAA, GA3, BR, ZR, and ABA) genes regulated the shoot growth and dynamic 
changes in shoot anatomy. Cell cycle-associated gene expression was higher in 
early growth than in the slow growth of shoot. Coexpression network hormone 
signaling genes were observed
NA Li, Cheng, 
et al., 2018
Seedlings were treated 
with H2O or GA3 
(100 μM) for 4 hr.
Four-week-old seedlings Paired-end reads (Illumina 
HiSeq™ 2500)
Reference genome 5,148 (DEGs) The roles of exogenous gibberellins (GA) in internode growth and lignin 
condensation. Identification of 932 cis-NATs, alternative splicing genes and 
GA altered post-transcriptional regulation that affected the regulation of 
photosynthesis in the development of seedlings by adjusting the carbon cycle




Rhizome, root, shoot, 
leaf, sheath, and 
bud, during different 
developmental stages
Paired-end reads (Illumina 
HiSeq™ 4000) and PacBio 
sequencing platforms
Reference genome 25,225 Updating of moso bamboo genome, improvement of the reference genome, 
and chromosome-level de novo genome assembly. The evolutionary view 
of alternative splicing and identification of alternative splicing genes and 
transposable elements. These genes are conserved




Rhizome, roots, shoots, 
leaves, sheaths, and 
buds
Paired-end reads (Illumina 
HiSeq™ 4000) and PacBio 
sequencing platforms
Reference genome 63 PeAQPs, 22 PePIPs,  
20 PeTIPs, 17 PeNIPs, and  
4 PeSIPs
Aquaporin (AQPs) functions studied in water transport in moso bamboo growth 
and development. A total of 63 PeAQPs genes were found, and all these 
were differentially expressed in different tissues. Circadian rhythm changes 
were positive at night and negative in the daytime shown by root pressure. 
Coexpression network of PeAQPs and sugar transport genes
SRX2408703-SRX2408728 Sun et al., 2018
Elongated internodes 
(Wild-type and dwarf 
shengyin bamboo)
Young shoots from 
boosting stage
Paired-end reads (Illumina 
HiSeq™ 2000)
Reference genome 5,067 (DEGs) Genes involved in regulating mechanism for internode growth were identified. 
Genes for cellulose and lignin biosynthesis pathways, hormone biosynthesis, and 
signal transduction were significantly expressed in the internodes of wild and 
shengyin bamboo. Cell wall expansion, phytohormone signaling control, and 
phytohormone signaling were shown
SRP133731 Wang et al., 
2018
Different growth stage Shoot and mature culms 101-nt paired-end reads 
(Illumina HiSeq™ 2500)
Reference genome 29,731 (alternative splicing events) The alternative splicing mechanism in transcriptomes was studied. Genes (36.17%) 
undergo alternative splicing, which was associated with gene characteristics and 
gene expression. Alternative splicing was enriched in dominant splice sites and 
varied in different tissue
SRR961047, SRR1187864, and 
SRR1185317




and seedlings under 
cold, salt and drought 
stresses
Leaves and flowers Paired-end reads (Illumina 
HiSeq™ 2000)
Reference genome 26 PheDof Identification of 26 PheDof TFs genes classified into five groups based on 
expression during flowering. The coexpression network showed PheDof12, 
PheDof14, and PheDof16 were associated with flower development
NA Cheng, Hou, 
et al., 2018
Three-week-old 
seedlings treated at 
−2°C for different 
lengths of time
Leaves Paired-end reads (Illumina 
HiSeq™ 2000)
Reference genome 2,463 (DEGs) and 222 (TFs) Genes and TFs from different families were mostly differentially expressed at 
24-hr cold treatment. Cold response genes in moso bamboo are late-responsive. 
Phytohormone-related pathways played important roles in cold-stress response
Liu, Wu, et al., 
2020
Note: DEGs, differentially expressed genes; EMBL, European Molecular Biology Laboratory; GA3, gibberellins; cis-NATs, cis-nature antisense transcripts; ROS,  
genes related to reactive oxygen species in bamboo; LHC, light-harvesting chlorophyll a/b binding; TFs, transcription factors.
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more than 1,200 pests are recorded on bamboos, most of 
them are minor in nature except for few isolated infestations 
that were serious in nature. Notwithstanding, bamboos have 
a wide environmental adaptation profile, ranging from tropi-
cal to temperate and montane ecology to plains, their mecha-
nisms to cope with environmental stress are contrastive. 
Owing to their perennial nature, bamboos encounter stress 
factors such as cold, drought, salinity, and high temperature 
more commonly than any other grass species. Accordingly, 
abiotic stress tolerance is key to the sustainability of bam-
boo as a natural species and an industrial crop although the 
underlying molecular mechanisms are still not completely 
understood.
One of the major abiotic factors that adversely affect 
bamboos is drought. In moso bamboo, drought is found 
to influence transpiration, warranting a specialized water 
use strategy to cope with the adverse consequences (Gu 
et al., 2019). In moso bamboo, analyzing the dehydration-re-
sponsive element-binding (DREB) genes, PeDREB2A and 
PeDREB1A, Wu, Li, et al. (2015) have found that these 
genes differentially expressed in leaves and roots when 
challenged with stress factors such as cold, drought, and salt 
stress. DREB proteins are TFs known to play a crucial role 
in abiotic stress response, particularly to drought and salt, 
by binding to drought-responsive elements (DREs) and reg-
ulate the reporter gene expression (Liu, Zhao, Yamaguch-
Shinozaki, & Shinozaki,  2000). Adding to this, Huang, 
Zhong, et al. (2016) identified a total of 23 genes encod-
ing for the late embryogenesis abundant (LEA) proteins 
in moso bamboo, where approximately 78% of PeLEAs 
were up-regulated under dehydration and cold stresses. 
Furthermore, 50% of PeTIFY genes were reported to get 
up-regulated during dehydration and cold stresses (Huang, 
Jin, et al., 2016). The role of aquaporin (AQPs) genes in 
regulating water balance and nutrient acquisition has been 
demonstrated in moso bamboo (Sun, Li, Lou, Zhao, & 
Gao, 2016). In total, 26 AQP genes falling into four differ-
ent groups have been identified, which shared considerable 
homology to rice AQP genes. Increased AQP expression 
under water and salt stress could be observed through qRT-
PCR analysis in moso bamboo tissues. Proteins belonging 
to calmodulin (CaM)/CaM-like (CML) having an isoleucine 
(I)–glutamine (Q) domain (IQD)-binding motif are coded 
by IQD genes that are known to regulate plant defense 
mechanisms. In moso bamboo, 29 nonredundant PeIQD 
encoding genes were identified and PeIQD gene expres-
sion showed a 12-fold increase under drought and methyl 
jasmonate treatments (Wu et  al.,  2016). Besides, a UDP-
galactose-4-epimerase (UGE) gene from moso bamboo 
PeUGE when overexpressed in Arabidopsis improved salin-
ity and drought tolerance by increasing lateral roots (Sun, 
Li, Lou, Zhao, Yang, et al., 2016). UGE is a key enzyme in 
the galactose metabolism and is believed to play an import-
ant role in cell wall synthesis under stresses. Zeaxanthin 
epoxidase (ZEP), an important protein for plant response 
against different environmental stresses, has been investi-
gated by overexpressing the moso bamboo gene, PeZEP in 
Arabidopsis. The transgenics showed enhanced tolerance to 
drought (Lou, Sun, Li, Zhao, & Gao, 2017) and was found 
up-regulated under high light (1,200  mmol  m−2  s−1) and 
high temperature (42°C), whereas, when exposed to low 
temperature (4°C) and exogenous ABA treatment, PeZEP 
was down-regulated, implying that PeZEP inevitably plays 
a major role in response to high temperature and drought. 
Based on expression profile and phylogenetic analysis, Wu 
et al. (2018) isolated a drought stress-related candidate gene 
PeDi19-4 from moso bamboo. PeDi19-4 overexpression in 
rice and Arabidopsis enhanced their drought and salt toler-
ance levels and increased the sensitivity to ABA during seed 
germination and growth. WRKY genes have multiple bio-
logical functions in plant systems. Overexpression of moso 
bamboo's PeWRKY83 gene in Arabidopsis accumulated 
more endogenous ABA under salt stress conditions and 
regulated stress-induced ABA synthesis (Wu et al., 2017). 
Very recently, Liu, Gao, et al. (2020) reported that PeTCP10 
conferred drought tolerance of transgenic and directly tar-
geted the stress-/ABA-responsive gene BT2. This indicated 
that moso bamboo counters drought and salt stresses via 
the ABA-dependent signaling pathway. Zhao et al.  (2019) 
described that expression of PhePEBP family genes, espe-
cially PheFT9, PheTFL2, and PheTFL8, involved in the ac-
tivation of dormant buds and seedling growth is regulated 
by plant hormones and drought stress.
Additional genes that contribute to drought tolerance in 
moso bamboo include amino acid/auxin permease (AAAP) 
and VQ genes. AAAP genes underwent a duplication event 
roughly 12 Mya ago, and potentially contribute to the ad-
aptation of moso bamboo to drought, salt, and cold stress 
(Liu et  al.,  2017). Wang, Liu, et al. (2017) found by ge-
nome-wide analysis that moso bamboo possess 29 VQ genes 
and revealed that PeVQ genes showed different expression 
patterns in different tissues or developmental stages under 
abscisic acid, polyethylene glycol, and salicylic treatments. 
Most recently, the same group further identified the inter-
action of PeVQ28 gene with PeWRKY83 TF in the yeast 
nucleus (Cheng et al., 2020). Their results suggest that the 
genes related to abiotic stress underwent a large-scale evo-
lutionary event, between 12 and 40 Mya in moso bamboo, 
rice, and other cereals. As mentioned earlier, moso bamboo 
has an elaborate adaptation mechanism to counter stress 
effects and to alter phenotypic features accordingly. The 
details of the network of genes involved in stress response 
and their relationship to growth and flowering need to be 
explored further.
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6 |  TRANSGENIC APPROACHES 
TO CROP IMPROVEMENT
6.1 | Plant regeneration and clonal 
propagation
Conventionally bamboos are propagated through clonal propa-
gation, such as rhizome and culm cuttings, as well as by clump 
division. Seed propagation is also practiced but is very limited 
due to nonavailability of sufficient seeds for mass production. 
Moreover, conventional propagation requires large nurseries 
and infrastructure that needs high investment costs. Therefore, 
the most viable alternative is micropropagation through in 
vitro culture (Nadgauda, Parasharami, & Mascarenhas, 1990). 
The first successful report on micropropagation of bamboo 
(Bambusa sp.) was described by Alexander and Rao (1968) 
using zygotic embryo explants. Since then, several attempts 
have been reported and found that different species and cul-
tivars within species require different in vitro regeneration 
techniques (Mudoi et  al., 2013). Besides, organogenesis po-
tential also varied between different bamboo types and de-
pended on the age of the explants used (Singh et al., 2013). 
Qiao et al. (2013) have established the regeneration platform 
in ma bamboo for anther culture, by which homozygous dip-
loid bamboo plants can be obtained in one generation. Thus, 
the breeding time can be reduced, accelerating varietal im-
provement since bamboo's vegetative growth phase is too 
long. However, this method also varied between genotypes 
and developmental stage of immature pollen grain/ micro-
spores (Niazian & Shariatpanahi, 2020). Due to this varying 
clonal requirement, development of a common protocol for 
large-scale and efficient in vitro regeneration has been a major 
bottleneck in micropropagation of bamboo (Ye et al., 2017).
In spite of such drawbacks, successful plant regeneration 
through somatic embryogenesis and indirect organogenesis 
has been established for moso bamboo (Table 5). Nodal seg-
ments and inflorescences are generally used as explants for or-
ganogenesis (Lin & Chang, 1998; Lin, Lin, & Chang, 2005). 
Plant growth regulators (PGRs) such as thidiazuron (TDZ), 
2,4-dichlorophenoxyacetic acid (2,4-D), 1-aminocyclopro-
pane-1-carboxylic acid (ACC), and 1-naphthaleneacetic acid 
(NAA) are reported suitable for shoot regeneration, in vitro 
flowering, and rooting. For somatic embryo induction, in 
vitro spikelets, nodal segments and zygotic seed embryos are 
used together with TDZ, 2,4-D, kinetin, zeatin, and coconut 
milk as PGRs. TDZ is the hormone of choice for somatic 
embryo regeneration and in vitro flowering while NAA is the 
best used for rooting. Micropropagation techniques are now 
being used commercially in bamboo propagation. In moso 
bamboo, in vitro flowering has been demonstrated to shorten 
breeding time (Lin & Chang, 1998). Tissue culture systems 
have also been used to generate a cDNA library of the mul-
tiple shoots grown in vitro, which could be used to study of 
the genes involved in shoot development, photosynthesis, and 
metabolism (Liu, Wu, Tsay, Chang, & Lin, 2008).
6.2 | Genetic transformation and 
gene editing
An efficient tissue regeneration system is the first step for 
successful transgene incorporation and genetic transfor-
mation. In addition, genetic fidelity of the regenerants is 
highly desirable, for ensuring efficiency of the regenera-
tion and transgene expression. In bamboo, in spite of the 
use of several plant tissues as the explant source, as well 
as varying cultural requirements, occurrence of somaclonal 
variants is seldom reported. Several attempts have been 
reported previously on bamboo genetic transformation in 
species such as D. latiflorus (ma bamboo), D. hamiltonii, 
and D. farinosus (Jiang & Zhou, 2014; Qiao et al., 2014; 
Sood et  al.,  2014). In particular, Qiao et  al.  (2014) have 
successfully established a genetic transformation system 
in ma bamboo using anther culture that was employed for 
transferring a bacterial gene, CodA, encoding for choline 
oxidase to impart cold tolerance into bamboo genome. 
Although Agrobacterium-mediated transformation and par-
ticle bombardment have been used in bamboo, the transfor-
mation frequency was reported limited (Sood et al., 2014). 
These studies have set the foundation for future research 
wherein actual crop improvement through genetic trans-
formation in bamboos has been envisaged. Recently, Ye 
et al. (2017) developed a successful Agrobacterium trans-
formation protocol for ma bamboo, a hexaploid species, by 
taking 8 months to get healthy calluses, and 7–8 months for 
the transformation. As far as the current information goes, 
the reports of improvement of agronomic traits in bamboo 
through genetic engineering remain limited only to one 
species, ma bamboo. Low efficiency and slow regenera-
tion are major limitations for successful transformation in 
bamboo.
Latest advancements in gene editing technologies have 
found increasing use of clustered regularly interspaced short 
palindromic repeat (CRISPR)–CRISPR-associated endo-
nuclease (Cas9) system in several crop species (Doudna & 
Charpentier, 2014). Very recently, Ye, Chen, et al. (2019) es-
tablished a CRISPR/Cas9 system in ma bamboo by targeting 
all homo-alleles or specifically one allele of a gene. Using 
this technology, they could demonstrate the plant height 
changes by knocking out one gibberellin-responsive gene in 
ma bamboo.
To the best of our knowledge, no report is available either 
on the successful genetic transformation or on gene editing 
in moso bamboo, although plantlet regeneration via em-
bryoid germination through callus induction in moso bam-
boo has been demonstrated (Yuan, Yue, Wu, & Gu, 2013). 
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A while back, no further advancements have been achieved 
with respect to transgenic development. Now, the recent re-
lease of the moso bamboo genome is expected to boost the 
attempts on gene editing and genetic transformation in moso 
bamboo using the abovementioned methods. However, a 
concerted effort is required to study the molecular mecha-
nism of somatic embryogenesis and regeneration for achiev-
ing a successful transformation system to reap the benefits 
of gene editing.
7 |  FUTURE DEVELOPMENT 
OF THE BAMBOO INDUSTRY TO 
IMPROVE FOOD AND ENERGY 
SECURITY
In a recent review on the global bamboo industry, Zhaohua and 
Wei (2018) reported about the underutilized bamboo forests 
in several countries. This is because the industrial approach 
with bamboo as the prime resource has not been comprehen-
sively developed in these nations, except for the traditional 
use for immediate human needs. Based on the concept of cir-
cular economy, that stands to minimize the inputs and the 
waste to improve the efficiency of a production system, the 
bamboo industry requires an approach that combines consid-
erations of human needs with that of larger industrial uses in 
an economically sustainable fashion (Korhonen, Honkasalo, 
& Seppälä, 2018). Toward developing sustainable goals for 
bamboo industrialization, several international organizations 
(Table S1) play key roles toward scientific research, industry 
development, and trading systems (Zhaohua & Wei, 2018) 
and use several databases in this process.
The development of bamboo industry in China perhaps 
supersedes similar development anywhere else in the world. 
In China, bamboo industry has grown way beyond the con-
ventional, developing newer products that find unconven-
tional applications, such as underground pressure pipelines, 
utility tunnels, high-speed train carriages, containers, large-
scale storage tanks, and disaster resistant houses (Zhaohua & 
Wei, 2018). Taking advantage of high axial tensile strength 
and flexibility of fiber (Ghosh, Chaudhuri, Dey, & Pal, 2013), 
the bamboo winding composite is a biocomposite material 
built to make underground pressure pipes. Developed by 
Zhejiang Xinzhou Bamboo-Based Composites Technology 
Co., Ltd., this material is eulogized as the first-ever bam-
boo-based product in the underground delivery systems in 
the world. Made out of long bamboo slivers by reinforcing 
them in resin matrix and wound in a mechanical arch-shaped 
winder, winding composite is a lightweight alternative to 
glass fiber-reinforced polymer (GFRP). It has mechani-
cal strength equivalent to GFRP, while being less dense 
by 46.1%–54.9% (Chen, Zhang, He, Zhang, & Yue, 2019). 
Economic potentials of such developments in China have 
started reflecting as opportunities for the stakeholders in the 
industry. Recently, by cultivating bamboo shoots alone, a 
farmer household in the Lin'an District of Hangzhou City of 
the Zhejiang Province had reportedly earned one million US 
dollars ha−1 year−1 (Zhaohua & Wei, 2018). Although such 
exceptional success stories exist, still, many stakeholders in 
the industry lack the necessary experience and knowledge to 
recognize the potential of the developing bamboo industry. 
Therefore, capacity building and knowledge dissemination 
among the stakeholders and building of new cross-disci-
plinary networks should be integrated as the indispensable 
goals for the bamboo industry development. Institutional sup-
port is also essential in developing bamboo-based industries 
as practiced in Yibin City of Sichuan Province in western 
China. Yibin is a historically important trading place located 
in the junction of Min and Yangtze, China's longest rivers. 
In 2018, a new campus of Sichuan University of Science and 
Engineering (www.suse.edu.cn) was established in Yibin to 
carry out extensive research on bamboo. To emphasize its 
role, the city is adorned with bamboos along with its roads 
and within the city area. Here, future bamboo research will 
be conducted in collaboration with Zhejiang A&F University, 
Hangzhou, Zhejiang (www.zafu.edu.cn), for the development 
of bamboo industry.
Key factors for the sustainable development of the 
bamboo industry are the characteristics of bamboo re-
sources and their geographical distribution (Zhaohua & 
Wei, 2018). Conservation of bamboo germplasm and gen-
otype improvement therefore are considered as key targets 
in the development programs (Figure 3). For the practical 
development of bamboo products at an industrial scale, 
an inclusive development model should consider product 
innovation, product structure optimization, capacity build-
ing, product demonstration, policies, and multistakeholder 
participation, besides ensuring the relentless flow of raw 
materials. Showcasing these developmental goals, the 9th 
China Bamboo Culture Festival opened in Meishan City, 
Sichuan Province, on 12 October 2019, identified its theme 
as Promoting bamboo culture and developing bamboo in-
dustry (www.ilike bamboo.com).
The genetic implications of the bamboo industry improve-
ment should therefore be underlined with the characteristics 
of the bioresources for industrial applications. Among the 
fast-growing woody bamboos of the world, moso bamboo 
adorns a special position as one of the versatile species for 
industrial development. Several characteristic features chan-
nelize various species into separate industrial applications. 
These variations, accumulated along the evolutionary jour-
ney of the bamboos, need to be leveraged to engineer bamboo 
for specific needs. For instance, while most of the bamboos 
remain green throughout the growth stages, species such as 
Phyllostachys vivax cv. aureocaulis and Pseudosasa japon-
ica cv. akebonosuji exhibit myriad of colors such as yellow, 
26 of 36 |   RAMAKRISHNAN et Al.
green, purple, red, brown, and white at different growth stages 
on the culm and leaf (Xia et  al.,  2015; Yang et  al.,  2015). 
These species can, therefore, be recruited for ornamental 
industries, for which the genetics of color formation could 
be important information for future development. Similarly, 
species specificity of vascular bundle strength (Ahvenainen 
et  al.,  2017), lignin accumulation, and pith cavity forma-
tion (Guo, Sun, et al., 2019; Wang, Keplinger, Gierlinger, & 
Burgert, 2014) can be genetically manipulated at the cellular 
level with the critical understanding of the genomics of such 
traits. Therefore, genetic manipulation can bring in advan-
tages for industrial applications resulting in various catego-
ries of products such as food, energy resources, biochemicals, 
construction materials, and household products.




Summarizing the challenges in moso bamboo improvement, 
in this final section, we would highlight the scientific and 
environmental caveats that potentially impede sustainable 
development. We further attempt to augment the biotechno-
logical opportunities to address these threats.
The first and foremost challenge in moso bamboo im-
provement arises out of the slow pace of breeding, which is 
majorly associated with long flowering intervals and large 
population size. Further, asynchronous flowering may also 
pose additional challenges in hybridization. Biotechnological 
interventions could help in the induction of flowering in con-
trolled conditions, particularly in in situ or ex situ gardens, so 
that natural recombination opportunities could be exploited 
in achieving additional variability. Toward achieving this, the 
development of germplasm resources is essentially required. 
The in situ conservation, nature reserve, and bamboo gardens 
may be useful in manipulating the breeding populations to 
aid the acceleration of the breeding programs.
Further, the genetics of monocarpic behavior could also 
help in fetching solutions to achieve accelerated breeding. 
Since the flowering is the terminal phase of the life cycle, 
asynchronous flowering poses a great challenge in hybridiza-
tion. Although, moso bamboo exhibits fast-growth behavior, 
the understanding of the exact conditions under which the 
growth is regulated remains as the second major challenge. 
The critical factors that qualify moso bamboo as an industrial 
crop are its exceptionally fast growth, biomass turnover, lig-
nin biosynthesis, and high mechanical strength of the wood. 
This information on the fast growth is essentially required 
to tame the bamboo as an industrial crop, because without 
which the quantum of bamboo production and the spatial 
requirement for the bamboo culture are difficult to manage. 
No much-detailed genetic information is available about the 
expression of these traits. While fast growth and biomass reg-
ulate the supply of industrial raw materials, the mechanical 
strength and lignification decide the industrial quality of the 
bamboo in converting into value-added products. The bam-
boo quality is of particular importance in channelizing a suf-
ficient quantity of bamboos into different quality segments 
suitable for specialized uses.
Although, the current knowledge of the whole-genome 
information can be leveraged for bamboo improvement, still 
much more remains unknown than the facts that are known 
about moso bamboo biology. This warrants more intensive 
basic research in addition to the applied ones, in order to 
achieve a scientific breakthrough in bamboo industrializa-
tion. However, technologies are now available to secure cap-
tious gaps using transcriptomic, proteomic, and metabolomic 
routes to understand underlying biochemical pathways of the 
target traits for taking full advantage toward bamboo devel-
opment. One such viable technology recently emerged is ge-
nome editing. Nevertheless, this technique is interdependent 
on the in vitro plant regeneration systems, which also uses 
genetic transformation systems to achieve the resultant trans-
formants. Therefore, an efficient tissue regeneration system 
needs to be developed in moso bamboo for taking advantage 
of genetic transformation and the gene editing for the im-
provement. Current stride toward this goal is very minimal, 
and hence, this has to be considered as a formidable chal-
lenge in moso bamboo genetics.
Nanopore sequencing technology and CRISPR/Cas9 
await applications in bamboo research. Further, a reliable an-
ther culture system is yet to be developed in moso bamboo, 
which slows down the production of doubled haploid lines. 
Alternatively, as in related grass genomes, haploid inducer 
systems can also be explored in bamboo for the development 
of haploids. Induction of in vitro flowering could also be ex-
plored toward haploid development. An integrated approach 
combining the above techniques may drive the development 
of doubled haploids and the population development that 
speeds up the bamboo-breeding process.
As there is a conspicuous absence of a strong breeding 
system, breeding toward stress tolerance remains underde-
veloped in moso bamboo. Bamboo cultivation is threatened 
by several adverse factors such as drought, salinity, nutrient 
deficiency, and land degradation. Currently, the natural tol-
erance is the only source available in combating these ad-
verse factors. Recent interest on the industrial importance 
of bamboo has already mobilized large producers such as 
China to go into large-scale modes. Large-scale bamboo 
production will increase the threat of biotic and abiotic 
stresses in bamboo cultivation. Besides, the threat of cli-
mate change that is sporadically appearing in different geo-
graphical regions also may jeopardize bamboo development. 
Notwithstanding, many industrial uses of bamboo still await 
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discovery for refinement. For making such sustainable inno-
vations, better cooperation between science and industry is 
mandatory that may be extended across regions around the 
bamboo world.
ACKNOWLEDGEMENTS
This work was funded by grants from the National Natural 
Science Foundation of China (grant nos 31870656 and 
31470615) and the Zhejiang Provincial Natural Science 
Foundation of China (grant no. LZ19C160001). We sin-
cerely thank Professor Qiang Wei, Co-Innovation Center for 
Sustainable Forestry in Southern China, Nanjing Forestry 
University, Nanjing, Jiangsu, China, for reviewing the manu-
script, and we would like to extend our sincere gratitude and 
appreciation to all reviewers for their valuable comments.
CONFLICTS OF INTEREST
All the authors have declared no conflict of interest.
AUTHOR CONTRIBUTION
MR planned, designed, and wrote the review. MR, KY, 
KKV, and MZ outlined and edited the review. MR and AS 
wrote the stress development chapter. MR, KY, AS, KKV, 
MZ, CJ, and VS edited and revised the review.
ORCID
Mingbing Zhou   https://orcid.org/0000-0001-5674-4410 
REFERENCES
Ahvenainen, P., Dixon, P. G., Kallonen, A., Suhonen, H., Gibson, L. 
J., & Svedström, K. (2017). Spatially-localized bench-top X-ray 
scattering reveals tissue-specific microfibril orientation in moso 
bamboo. Plant Methods, 13, 5. https://doi.org/10.1186/s1300 
7-016-0155-1
Alexander, M. P., & Rao, T. C. (1968). In vitro culture of bamboo em-
bryo. Current Science, 37, 415.
Atanda, J. (2015). Environmental impacts of bamboo as a substitute 
constructional material in Nigeria. Case Stud. Constr. Mater., 3, 
33–39. https://doi.org/10.1016/j.cscm.2015.06.002
Baird, N. A., Etter, P. D., Atwood, T. S., Currey, M. C., Shiver, A. L., 
Lewis, Z. A., … Johnson, E. A. (2008). Rapid SNP discovery and 
genetic mapping using sequenced RAD markers. PLoS One, 3, 
e3376. https://doi.org/10.1371/journ al.pone.0003376
Barkley, N. A., Newman, M. L., Wang, M. L., Hotchkiss, M. W., & 
Pederson, G. A. (2005). Assessment of the genetic diversity and 
phylogenetic relationships of a temperate bamboo collection by 
using transferred EST-SSR markers. Genome, 48, 731–737. https://
doi.org/10.1139/g05-022
Bartels, D., & Mattar, M. (2002). Oropetium thomaeum: A resurrection 
grass with a diploid genome. Maydica, 47, 185–192.
Biswas, P., Chakraborty, S., Dutta, S., Pal, A., & Das, M. (2016). 
Bamboo flowering from the perspective of comparative genomics 
and transcriptomics. Frontiers in Plant Science, 7, 1900. https://doi.
org/10.3389/fpls.2016.01900
Bolger, M. E., Weisshaar, B., Scholz, U., Stein, N., Usadel, B., & Mayer, 
K. F. (2014). Plant genome sequencing—applications for crop 
improvement. Current Opinion in Biotechnology, 26, 31–37. https://
doi.org/10.1016/j.copbio.2013.08.019
Bouchenak-Khelladi, Y., Salamin, N., Savolainen, V., Forest, F., 
Bank, M., Chase, M. W., & Hodkinson, T. R. (2008). Large 
multi-gene phylogenetic trees of the grasses (Poaceae): Progress 
towards complete tribal and generic level sampling. Molecular 
Phylogenetics and Evolution, 47, 488–505. https://doi.org/10.1016/j.
ympev.2008.01.035
Bourque, G., Burns, K. H., Gehring, M., Gorbunova, V., Seluanov, A., 
Hammell, M., … Feschotte, C. (2018). Ten things you should know 
about transposable elements. Genome Biology, 19, 199. https://doi.
org/10.1186/s1305 9-018-1577-z
Brenchley, R., Spannagl, M., Pfeifer, M., Barker, G. L. A., D'Amore, 
R., Allen, A. M., … Hall, N. (2012). Analysis of the bread wheat 
genome using whole-genome shotgun sequencing. Nature, 491, 
705–710. https://doi.org/10.1038/natur e11650
Cai, K., Zhu, L., Zhang, K., Li, L., Zhao, Z., Zeng, W., & Lin, X. (2019). 
Development and characterization of EST-SSR markers from RNA-
seq data in Phyllostachys violascens. Frontiers in Plant Science, 10, 
50. https://doi.org/10.3389/fpls.2019.00050
Chao, C. S., & Tang, G. G. (1993). The present status and problems 
of bamboo classification in China. Journal of Nanjing Forestry 
University, 17, 1–8.
Chen, F., Li, M., Xin, W., Zhou, H., Smith, L. M., Wang, G., … Ye, L. 
(2019). Development of bamboo winding composite pipe (BWCP) 
and its compression properties. BioResources, 14, 5875–5882.
Chen, S.-Y., Lin, Y.-T., Lin, C.-W., Chen, W.-Y., Yang, C. H., & Ku, 
H.-M. (2010). Transferability of rice SSR markers to bamboo. 
Euphytica, 175, 23–33. https://doi.org/10.1007/s1068 1-010-0159-2
Chen, X., & Lu, S. (1994). Systematical value of volatile compounds in 
leaves of Chimonobambusas. 1. (Poaceae: Bambusoideae). Journal 
of Bamboo Research, 13, 22–27.
Chen, Z., Zhang, H., He, Z., Zhang, L., & Yue, X. (2019). Bamboo 
as an emerging resource for worldwide pulping and papermaking. 
BioResources, 14, 3–5.
Cheng, X., Wang, Y., Xiong, R., Gao, Y., Yan, H., & Xiang, Y. (2020). 
A moso bamboo gene VQ28 confers salt tolerance to transgenic 
Arabidopsis plants. Planta, 251, 99. https://doi.org/10.1007/s0042 
5-020-03391 -5
Cheng, X., Xiong, R., Liu, H., Wu, M., Chen, F., Hanwei, Y., & 
Xiang, Y. (2018). Basic helix-loop-helix gene family: Genome 
wide identification, phylogeny, and expression in moso bamboo. 
Plant Physiology and Biochemistry, 132, 104–119. https://doi.
org/10.1016/j.plaphy.2018.08.036
Cheng, X., Xiong, R., Yan, H., Gao, Y., Liu, H., Wu, M., & Xiang, Y. 
(2019). The trihelix family of transcription factors: Functional and 
evolutionary analysis in moso bamboo (Phyllostachys edulis). BMC 
Plant Biology, 19, 154. https://doi.org/10.1186/s1287 0-019-1744-8
Cheng, Z., Ge, W., Li, L., Hou, D., Ma, Y., Liu, J., … Gao, J. (2017). 
Analysis of MADS-Box gene family reveals conservation in flo-
ral organ ABCDE model of moso bamboo (Phyllostachys edu-
lis). Frontiers in Plant Science, 8, 656. https://doi.org/10.3389/
fpls.2017.00656
Cheng, Z., Hou, D., Ge, W., Li, X., Xie, L., Zheng, H., … Gao, J. (2019). 
Integrated mRNA, microRNA transcriptome and degradome anal-
yses provide insights into stamen development in moso bamboo. 
Plant and Cell Physiology, 61, 76–87. https://doi.org/10.1093/pcp/
pcz179
Cheng, Z., Hou, D., Liu, J., Li, X., Xie, L., Ma, Y., & Gao, J. (2018). 
Characterization of moso bamboo (Phyllostachys edulis) Dof 
28 of 36 |   RAMAKRISHNAN et Al.
transcription factors in floral development and abiotic stress 
responses. Genome, 61, 151–156. https://doi.org/10.1139/
gen-2017-0189
Cho, J. (2018). Transposon-derived non-coding RNAs and their function 
in plants. Frontiers in Plant Science, 9, 600. https://doi.org/10.3389/
fpls.2018.00600
Chou, C. H., & Hwang, Y. H. (1985). A biochemical aspect of phy-
logenetic study of Bambusaceae in Taiwan. III. The genera 
Arthrostylidium, Chimonobambusa and Dendrocalamus. Botanical 
Bulletin of Academia Sinica, 26, 155–170.
Chou, C. H., Sheen, S. S., & Hwang, Y. H. (1984). A biochemical as-
pect of phylogenetic study of Bambusaceae in Taiwan. II. The genus 
Bambusa. Botanical Bulletin of Academia Sinica, 25, 177–189.
Chou, C. H., Yang, C. M., & Sheen, S. S. (1984). A biochemical as-
pect of phylogenetic study of Bambusaceae in Taiwan I. The 
genus Phyllostachys. Proceedings of the National Science Council, 
Republic of China (B), 8, 89–98.
Chu, Y. E., Chou, T. S., Li, Y. S., Shih, C. Y., & Woo, S. C. (1972). 
Identification of bamboo clones Dendrocalamus latiflorus in 
Taiwan. Botanical Bulletin of Academia Sinica, 13, 11–18.
CIRAIG. (2015). Circular economy: A critical literature review of 
concepts. The International Reference Centre for the Life Cycle of 
Products, Processes and Services (CIRAIG), 1–92.
Clark, L., Londoño, X., & Ruiz-Sanchez, E. (2015). Bamboo tax-
onomy and habitat. In W. Liese & M. Köhl (Eds.), Bamboo, 
Tropical Forestry (Vol. 10, pp. 1–30). Cham: Springer. https://doi.
org/10.1007/978-3-319-14133 -6_1
Consortium IBGS. (2012). A physical, genetic and functional sequence 
assembly of the barley genome. Nature, 491, 711. https://doi.
org/10.1038/natur e11543
Consortium IWGS. (2014). A chromosome-based draft sequence of the 
hexaploid bread wheat (Triticum aestivum) genome. Science, 345, 
1251788. https://doi.org/10.1126/scien ce.1251788
Cui, K., He, C. Y., Zhang, J. G., Duan, A. G., & Zeng, Y. F. (2012). 
Temporal and spatial profiling of internode elongation-associated 
protein expression in rapidly growing culms of bamboo. Journal of 
Proteome Research, 11, 2492–2507. https://doi.org/10.1021/pr201 
1878
Das, M., Bhattacharya, S., & Pal, A. (2005). Generation and charac-
terization of SCARs by cloning and sequencing of RAPD prod-
ucts: A strategy for species-specific marker development in bam-
boo. Annals of Botany, 95, 835–841. https://doi.org/10.1093/aob/
mci088
Das, M., Bhattacharya, S., Singh, P., Filgueiras, T. S., & Pal, A. (2008). 
Bamboo taxonomy and diversity in the era of molecular markers. 
In K. Jean-Claude & D. Michel (Eds.), Advances in botanical re-
search, Incorporating advances in plant pathology (Vol. 47, pp. 
225–268). USA: Academic Press. https://doi.org/10.1016/S0065 
-2296(08)00005 -0
Davey, J. W., Hohenlohe, P. A., Etter, P. D., Boone, J. Q., Catchen, J. M., 
& Blaxter, M. L. (2011). Genome-wide genetic marker discovery 
and genotyping using next-generation sequencing. Nature Reviews 
Genetics, 12, 499–510. https://doi.org/10.1038/nrg3012
David, C., Nancy, L., Deah, L., Ryan, B., Yanshu, L., Stephen, E., & 
Puskar, K. (2019). Growing bamboo for commercial purposes in the 
Southeastern U.S.: FAQs. In: Southern forest health, Southern re-
gional extension forestry, SREF-FH-011, 011–018.
Desai, P., Gajera, B., Mankad, M., Shah, S., Patel, A., Patil, G., … 
Kumar, N. (2015). Comparative assessment of genetic diversity 
among Indian bamboo genotypes using RAPD and ISSR markers. 
Molecular Biology Reports, 42, 1265–1273. https://doi.org/10.1007/
s1103 3-015-3867-9
Ding, Y. (1998). Systematic studies on Phyllostachys. PhD Dissertation. 
Nanjing University, 120.
Dixon, P. G., & Gibson, L. J. (2014). The structure and mechanics of 
moso bamboo material. Journal of the Royal Society, Interface, 11, 
20140321. https://doi.org/10.1098/rsif.2014.0321
Dong, W.-J., Wu, M.-D., Lin, Y., Zhou, M.-B., & Tang, D.-Q. 
(2011). Evaluation of 15 caespitose bamboo EST-SSR markers 
for cross-species/genera transferability and ability to identify in-
terspecies hybrids. Plant Breeding, 130, 596–600. https://doi.
org/10.1111/j.1439-0523.2011.01860.x
Dong, Y. R., Zhang, Z. R., & Yang, H. Q. (2012). Sixteen novel micro-
satellite markers developed for Dendrocalamus sinicus (Poaceae), 
the strongest woody bamboo in the world. American Journal of 
Botany, 99, e347–e349. https://doi.org/10.3732/ajb.1200029
Dori, M., & Bicciato, S. (2019). Integration of bioinformatic predictions 
and experimental data to identify circRNA-miRNA associations. 
Genes, 10, 642. https://doi.org/10.3390/genes 10090642
Doudna, J. A., & Charpentier, E. (2014). The new frontier of genome 
engineering with CRISPR-Cas9. Science, 346, 1258096. https://doi.
org/10.1126/scien ce.1258096
Fan, C., Ma, J., Guo, Q., Li, X., Wang, H., & Lu, M. (2013). Selection 
of reference genes for quantitative real-time PCR in bam-
boo (Phyllostachys edulis). PLoS One, 8, e56573. https://doi.
org/10.1371/journ al.pone.0056573
Feschotte, C., & Wessler, S. R. (2002). Mariner-like transposases are 
widespread and diverse in flowering plants. Proceedings of the 
National Academy of Sciences of the United States of America, 99, 
280–285. https://doi.org/10.1073/pnas.02262 6699
Friar, E., & Kochert, G. (1991). Bamboo germplasm screening with 
nuclear restriction fragment length polymorphisms. Theoretical 
and Applied Genetics, 82, 697–703. https://doi.org/10.1007/BF002 
27313
Friar, E., & Kochert, G. (1994). A study of genetic variation and evo-
lution of Phyllostachys (Bambusoideae: Poaceae) using nuclear re-
striction fragment length polymorphisms. Theoretical and Applied 
Genetics, 89, 265–270. https://doi.org/10.1007/BF002 25152
Fu, M. (1999). Bamboo resources and utilization in China. In A. N. 
Rao & V. R. Rao (Eds.), Bamboo - conservation, diversity, ecoge-
ography, germplasm, resources utilization and taxonomy. Rome: 
International Plant Genetic Resources Institute.
Gamuyao, R., Nagai, K., Ayano, M., Mori, Y., Minami, A., Kojima, 
M., … Reuscher, S. (2017). Hormone distribution and transcriptome 
profiles in bamboo shoots provide insights on bamboo stem emer-
gence and growth. Plant and Cell Physiology, 58, 702–716. https://
doi.org/10.1093/pcp/pcx023
Gao, J., Ge, W., Zhang, Y., Cheng, Z., Li, L., Hou, D., & Hou, C. (2015). 
Identification and characterization of microRNAs at different flow-
ering developmental stages in moso bamboo (Phyllostachys edulis) 
by high-throughput sequencing. Molecular Genetics and Genomics, 
290, 2335–2353. https://doi.org/10.1007/s0043 8-015-1069-8
Gao, J., Zhang, Y., Zhang, C., Qi, F., Li, X., Mu, S., & Peng, Z. (2014). 
Characterization of the floral transcriptome of moso bamboo 
(Phyllostachys edulis) at different flowering developmental stages 
by transcriptome sequencing and RNA-Seq analysis. PLoS One, 9, 
e98910. https://doi.org/10.1371/journ al.pone.0098910
Gao, Y., Liu, H., Wang, Y., Li, F., & Xiang, Y. (2018). Genome-wide 
identification of PHD-finger genes and expression pattern analysis 
under various treatments in moso bamboo (Phyllostachys edulis). 
   | 29 of 36RAMAKRISHNAN et Al.
Plant Physiology and Biochemistry, 123, 378–391. https://doi.
org/10.1016/j.plaphy.2017.12.034
Gao, Z., Zhao, Z., & Tang, W. (2018). DREAMSeq: An improved 
method for analyzing differentially expressed genes in RNA-
seq data. Frontiers in Genetics, 9, 588. https://doi.org/10.3389/
fgene.2018.00588
Ge, W., Zhang, Y., Cheng, Z., Hou, D., Li, X., & Gao, J. (2017). Main 
regulatory pathways, key genes and microRNAs involved in flower 
formation and development of moso bamboo (Phyllostachys edulis). 
Plant Biotechnology Journal, 15, 82–96. https://doi.org/10.1111/
pbi.12593
Ghosh, J. S., Chaudhuri, S., Dey, N., & Pal, A. (2013). Functional char-
acterization of a serine-threonine protein kinase from Bambusa 
balcooa that implicates in cellulose overproduction and superior 
quality fiber formation. BMC Plant Biology, 13, 128. https://doi.
org/10.1186/1471-2229-13-128
Ghosh, S., Devi, S. W., Mandi, S. S., & Talukdar, N. C. (2011). 
Amplified fragment length polymorphism based study of phylo-
genetic relationship and genetic variability among some edible 
Bamboo species of North-East India. Journal of Plant Molecular 
Biology Biotechnology, 2, 8–15.
Gielis, J. (1995). Bamboo and biotechnology. EBS Journal, 6, 27–39.
Gielis, J. (1998). Upstream fundamental research in bamboo-possibili-
ties and directions. In: Keynote lecture at Vth International bamboo 
congress, San Jose, Costa Rica. November 2–6.
Gielis, J., Everaert, I., Goetghebeur, P., & Deloose, M. (1997). Bamboo 
and molecular markers. In bamboo, people and the environment, 
Vol. 2 Biodiversity and genetic conservation. INBAR Technical 
Report, 8, 45–67. Beijing, China: International Network of Bamboo 
& Rattan.
Goff, S. A., Ricke, D., Lan, T. H., Presting, G., Wang, R., Dunn, M., … 
Briggs, S. (2002). A draft sequence of the rice genome (Oryza sativa 
L. ssp. japonica). Science, 296, 92–100.
Gu, D., He, W., Huang, K., Otieno, D., Zhou, C., He, C., & Huang, 
Y. (2019). Transpiration of moso bamboo in Southern China 
is influenced by ramet age, phenology, and drought. Forest 
Ecology and Management, 450, 117526. https://doi.org/10.1016/j.
foreco.2019.117526
Gui, Y., Wang, S., Quan, L., Zhou, C., Long, S., Zheng, H., … Fan, L. 
(2007). Genome size and sequence composition of moso bamboo: 
A comparative study. Science in China, Series C: Life Sciences, 50, 
700–705. https://doi.org/10.1007/s1142 7-007-0081-6
Gui, Y.-J., Zhou, Y., Wang, Y. U., Wang, S., Wang, S.-Y., Hu, Y., … 
Fan, L.-J. (2010). Insights into the bamboo genome: Syntenic rela-
tionships to rice and sorghum. Journal of Integrative Plant Biology, 
52, 1008–1015. https://doi.org/10.1111/j.1744-7909.2010.00965.x
Guo, C., Guo, Z. H., & Li, D. Z. (2019). Phylogenomic analyses re-
veal intractable evolutionary history of a temperate bamboo genus 
(Poaceae: Bambusoideae). Plant Diversity, 41, 213–219. https://doi.
org/10.1016/j.pld.2019.05.003
Guo, L., Sun, X., Li, Z., Wang, Y., Fei, Z., Jiao, C., … Wei, Q. (2019). 
Morphological dissection and cellular and transcriptome charac-
terizations of bamboo pith cavity formation reveal a pivotal role 
of genes related to programmed cell death. Plant Biotechnology 
Journal, 17, 982–997. https://doi.org/10.1111/pbi.13033
Guo, X., Chen, H., Liu, Y., Chen, W., Ying, Y., Han, J., … Zhang, 
H. (2020). The acid invertase gene family are involved in inter-
node elongation in Phyllostachys heterocycla cv. pubescens. Tree 
Physiology, tpaa053. https://doi.org/10.1093/treep hys/tpaa053
Guo, Z.-H., Ma, P.-F., Yang, G.-Q., Hu, J.-Y., Liu, Y.-L., Xia, E.-H., … 
Li, D.-Z. (2019). Genome sequences provide insights into the retic-
ulate origin and unique traits of woody bamboos. Molecular Plant, 
12, 1353–1365. https://doi.org/10.1016/j.molp.2019.05.009
Guo, Z., Zhang, Z., Yang, X., Yin, K., Chen, Y., Zhang, Z., … Wang, 
W. (2020). PSBR1, encoding a mitochondrial protein, is regulated 
by brassinosteroid in moso bamboo (Phyllostachys edulis). Plant. 
Molecular Biology, 103, 63–74. https://doi.org/10.1007/s1110 
3-020-00975 -3
Hansen, T. B., Jensen, T. I., Clausen, B. H., Bramsen, J. B., Finsen, B., 
Damgaard, C. K., & Kjems, J. (2013). Natural RNA circles function 
as efficient microRNA sponges. Nature, 495, 384–388. https://doi.
org/10.1038/natur e11993
Hartl, D., & Clark, A. (2007). Principles of population genetics (4th 
edn). Sunderland, MA: Sinauer Associates Publishing.
He, C.-Y., Cui, K., Zhang, J.-G., Duan, A.-G., & Zeng, Y.-F. (2013). 
Next-generation sequencing-based mRNA and microRNA expres-
sion profiling analysis revealed pathways involved in the rapid 
growth of developing culms in moso bamboo. BMC Plant Biology, 
13, 119. https://doi.org/10.1186/1471-2229-13-119
He, M.-X., Wang, J.-L., Qin, H., Shui, Z.-X., Zhu, Q.-L., Wu, B. O., 
… Hu, G. Q. (2014). Bamboo: A new source of carbohydrate for 
biorefinery. Carbohydrate Polymers, 111, 645–654. https://doi.
org/10.1016/j.carbp ol.2014.05.025
Hodkinson, T. R., Renvoize, S. A., Chonghaile, G. N., Stapleton, 
C. M. A., & Chase, M. W. (2000). A comparison of ITS nuclear 
rDNA sequence data and AFLP markers for phylogenetic studies in 
Phyllostachys (Bambusoideae, Poaceae). Journal of Plant Research, 
113, 259–269. https://doi.org/10.1007/PL000 13936
Hou, D., Cheng, Z., Xie, L., Li, X., Li, J., Mu, S., & Gao, J. (2018). The 
R2R3MYB gene family in Phyllostachys edulis: Genome-wide analysis 
and identification of stress or development-related R2R3MYBs. Frontiers 
in Plant Science, 9, 738. https://doi.org/10.3389/fpls.2018.00738
Hsiao, J. Y., & Rieseberg, L. H. (1994). Population genetic structure 
of Yushania niitakayamensis (Bambusoideae, Poaceae) in Taiwan. 
Molecular Ecology, 3, 201–208. https://doi.org/10.1111/j.1365-
294X.1994.tb000 53.x
Huang, H. (2010). Ex situ plant conservation. Bgjournal, 7, 14–19.
Huang, L. C., & Murashige, T. (1983). Tissue culture investigations 
of bamboo I: Callus cultures of Bambusa, Phyllostachys and Sasa. 
Botanical Bulletin of Academia Sinica, 24, 31–52.
Huang, Z., Jin, S.-H., Guo, H.-D., Zhong, X.-J., He, J., Li, X., … Chen, 
Q.-B. (2016). Genome-wide identification and characterization of 
TIFY family genes in moso bamboo (Phyllostachys edulis) and 
expression profiling analysis under dehydration and cold stresses. 
PeerJ, 4, e2620. https://doi.org/10.7717/peerj.2620
Huang, Z., Zhong, X.-J., He, J., Jin, S.-H., Guo, H.-D., Yu, X.-F., … 
Long, H. (2016). Genome-wide identification, characterization, and 
stress-responsive expression profiling of genes encoding LEA (Late 
embryogenesis abundant) proteins in moso bamboo (Phyllostachys 
edulis). PLoS One, 11, e0165953. https://doi.org/10.1371/journ 
al.pone.0165953
Huh, H. W., & Huh, M. K. (2002). Genetic diversity and population 
structure of Pseudosasa japonica (Bambusaceae) in Korea. Bamboo 
Science and Culture, 16, 9–17.
Hui, C. M. (1999). Germplasm conservation and seed handling. In A. 
N. Rao & V. R. Rao (Eds.), Bamboo – Conservation, diversity, eco-
geography, germplasm, resources utilization and taxonomy. Rome: 
International Plant Genetic Resources Institute.
30 of 36 |   RAMAKRISHNAN et Al.
Hui, C., Liang, N., Yang, X. Y., & Chen, F. (2014). The charac-
teristics of bamboo germplasm resources and its conservation 
from Yunnan, China. Applied Mechanics and Materials, 522–
524, 1098–1101. https://doi.org/10.4028/www.scien tific.net/
AMM.522-524.1098
Initiative, I. B. (2010). Genome sequencing and analysis of the model 
grass Brachypodium distachyon. Nature, 463, 763–768. https://doi.
org/10.1038/natur e08747
Isagi, Y., Oda, T., Fukushima, K., Lian, C., Yokogawa, M., & Kaneko, 
S. (2016). Predominance of a single clone of the most widely dis-
tributed bamboo species Phyllostachys edulis in East Asia. Journal 
of Plant Research, 129, 21–27. https://doi.org/10.1007/s1026 
5-015-0766-z
Isagi, Y., Shimada, K., Kushima, H., Tanaka, N., Nagao, A., 
Ishikawa, T., … Watanabe, S. (2004). Clonal structure and flow-
ering traits of a bamboo (Phyllostachys pubescens (Mazel) 
Ohwi) stand grown from a simultaneous flowering as revealed by 
AFLP analysis. Molecular Ecology, 13, 2017–2021. https://doi.
org/10.1111/j.1365-294X.2004.02197.x
Jiang, K.-Y., & Zhou, M.-B. (2014). Recent advances in bamboo mo-
lecular biology. Journal of Tropical and Subtropical Botany, 22, 
632–642.
Jiang, W., Bai, T., Dai, H., Wei, Q., Zhang, W., & Ding, Y. (2017). 
Microsatellite markers revealed moderate genetic diversity and pop-
ulation differentiation of moso bamboo (Phyllostachys edulis) – A 
primarily asexual reproduction species in China. Tree Genetics and 
Genomes, 13, 130. https://doi.org/10.1007/s1129 5-017-1212-2
Jiang, W. X., Zhang, W. J., & Ding, Y. L. (2013). Development of poly-
morphic microsatellite markers for Phyllostachys edulis (Poaceae), 
an important bamboo species in China. Applications in Plant 
Sciences, 1, 1200012.
Jiang, Z. (2007). Bamboo and rattan in the world (pp. 86). Beijing, 
China: Forestry Publishing House.
Joly-Lopez, Z., Forczek, E., Vello, E., Hoen, D. R., Tomita, A., & 
Bureau, T. E. (2017). Abiotic stress phenotypes are associated with 
conserved genes derived from transposable elements. Frontiers in 
Plant Science, 8, 2027. https://doi.org/10.3389/fpls.2017.02027
Jurka, J., Kapitonov, V. V., Kohany, O., & Jurka, M. V. (2007). Repetitive 
sequences in complex genomes: Structure and evolution. Annual 
Review of Genomics and Human Genetics, 8, 241–259. https://doi.
org/10.1146/annur ev.genom.8.080706.092416
Kaneko, S., Franklin, D. C., Yamasaki, N., & Isagi, Y. (2008). 
Development of microsatellite markers for Bambusa arnhemica 
(Poaceae: Bambuseae), a bamboo endemic to northern Australia. 
Conservation Genetics, 9, 1311–1313. https://doi.org/10.1007/
s1059 2-007-9467-z
Karp, A., & Richter, G. M. (2011). Meeting the challenge of food and 
energy security. Journal of Experimental Botany, 62, 3263–3271. 
https://doi.org/10.1093/jxb/err099
Katherine, G. M., Joseph, H., Max, L., Terryol, W., & Robert, S. 
Y. (2009). Clonal diversity of Arundinaria gigantea (Poaceae; 
Bambusoideae) in Western North Carolina and its relationship 
to sexual reproduction: An assessment using AFLP fingerprints. 
Castanea, 74, 213–223. https://doi.org/10.2179/08-032R1.1
Kelchner, S. A. (2013). Higher level phylogenetic relationships within 
the bamboos (Poaceae: Bambusoideae) based on five plastid mark-
ers. Molecular Phylogenetics and Evolution, 67, 404–413. https://
doi.org/10.1016/j.ympev.2013.02.005
Kitamura, K., Saitoh, T., Matsuo, A., & Suyama, Y. (2009). 
Development of microsatellite markers for the dwarf bamboo 
species Sasa cernua and Sasa kurilensis (Poaceae) in Northern 
Japan. Molecular Ecology Resources, 9, 1470–1472. https://doi.
org/10.1111/j.1755-0998.2009.02675.x
Kochhar, S. (1999). Germplasm survey, collecting and characterization 
of bamboo species. In A. N. Rao, & V. R. Rao (Eds.), Bamboo – 
Conservation, diversity, ecogeography, germplasm, resources utili-
zation and taxonomy. Rome: International Plant Genetic Resources 
Institute.
Kolkman, J. A., & Stemmer, W. P. C. (2001). Directed evolution of pro-
teins by exon shuffling. Nature Biotechnology, 19, 423–428. https://
doi.org/10.1038/88084
Konzen, E. R., Perón, R., Ito, M. A., Brondani, G. E., & Tsai, S. M. 
(2017). Molecular identification of bamboo genera and species 
based on RAPD-RFLP markers. Silva Fennica, 51, 1691. https://
doi.org/10.14214/ sf.1691
Korhonen, J., Honkasalo, A., & Seppälä, J. (2018). Circular economy: 
The concept and its limitations. Ecological Economics, 143, 37–46. 
https://doi.org/10.1016/j.ecole con.2017.06.041
Kumar, P. P., Turner, I. M., Rao, A. N., & Arumuganathan, K. (2011). 
Estimation of nuclear DNA content of various bamboo and rat-
tan species. Plant Biotechnology Reports, 5, 317–322. https://doi.
org/10.1007/s1181 6-011-0185-0
Lai, C., & Hsiao, J. (1997). Genetic variation of Phyllostachys pubes-
cens (Bambusoideae, Poaceae) in Taiwan based on DNA polymor-
phisms. Botanical Bulletin of Academia Sinica, 38, 145–152.
Lal, R. (2010). Managing soils for a warming earth in a food-inse-
cure and energy-starved world. Journal of Plant Nutrition and Soil 
Science, 173, 4–15. https://doi.org/10.1002/jpln.20090 0290
Lee, C., & Chin, T. (1960). Comparative anatomical studies of some 
Chinese bamboos. Acta Botanica Sinica, 9, 76–95.
Li, L., Cheng, Z., Ma, Y., Bai, Q., Li, X., Cao, Z., … Gao, J. (2018). 
The association of hormone signalling genes, transcription and 
changes in shoot anatomy during moso bamboo growth. Plant 
Biotechnology Journal, 16, 72–85. https://doi.org/10.1111/
pbi.12750
Li, L., Hu, T., Li, X., Mu, S., Cheng, Z., Ge, W., & Gao, J. (2016). 
Genome-wide analysis of shoot growth-associated alternative 
splicing in moso bamboo. Molecular Genetics and Genomics, 291, 
1695–1714. https://doi.org/10.1007/s0043 8-016-1212-1
Li, L., Li, N., Lu, D., & Chen, Y. (2019). Mapping moso bamboo 
forest and its on-year and off-year distribution in a subtropical 
region using time-series Sentinel-2 and Landsat 8 data. Remote 
Sensing of Environment, 231, 111265. https://doi.org/10.1016/j.
rse.2019.111265
Li, L., Mu, S., Cheng, Z., Cheng, Y., Zhang, Y., Miao, Y., … Gao, J. 
(2017). Characterization and expression analysis of the WRKY 
gene family in moso bamboo. Scientific Reports, 7, 6675. https://
doi.org/10.1038/s4159 8-017-06701 -2
Li, L., Shi, Q., Hou, D., Cheng, Z., Li, J., Ma, Y., … Gao, J. (2018). 
Transcriptome analysis of alternative splicing in different moso 
bamboo tissues. Acta Physiologiae Plantarum, 40, 89. https://doi.
org/10.1007/s1173 8-018-2661-4
Li, P., Zhou, G., Du, H., Lu, D., Mo, L., Xu, X., … Zhou, Y. (2015). 
Current and potential carbon stocks in moso bamboo forests in 
China. Journal of Environmental Management, 156, 89–96. https://
doi.org/10.1016/j.jenvm an.2015.03.030
Li, S. F. (1989). Application of isozymes in Arundinarieae classifica-
tion. Journal of Bamboo Research, 8, 13–21.
Li, S. F. (1990). A tentative approach on the classification of flavonoid 
compounds. Journal of Bamboo Research, 9, 17–23.
   | 31 of 36RAMAKRISHNAN et Al.
Li, S., Ramakrishnan, M., Vinod, K. K., Kalendar, R., Yrjälä, K., & 
Zhou, M. (2020). Development and deployment of high-through-
put retrotransposon-based markers reveal genetic diversity and 
population structure of Asian bamboo. Forests, 11, 31. https://doi.
org/10.3390/f1101 0031
Li, S., Yin, T., Zou, H., Ding, Y., & Huang, M. (2002). Preliminary 
study on molecular systematics of bamboo by SSR primers derived 
from rice. Scientia Silvae Sinica, 38, 42–48.
Li, W., Shi, C., Li, K., Zhang, Q.-J., Tong, Y., Zhang, Y., … Gao, 
L.-Z. (2020). The draft genome sequence of herbaceous dip-
loid bamboo Raddia distichophylla. bioRxiv, 064089. https://doi.
org/10.1101/2020.04.27.064089
Li, X., Wei, Y., Xu, J., Xu, N., & He, Y. (2018). Quantitative visualiza-
tion of lignocellulose components in transverse sections of moso 
bamboo based on FTIR macro- and micro-spectroscopy coupled 
with chemometrics. Biotechnology for Biofuels, 11, 263. https://doi.
org/10.1186/s1306 8-018-1251-4
Liese, W., Welling, J., & Tang, T. K. H. (2015). Utilization of bamboo. 
In W. Liese & M. Köhl (Eds.), Bamboo,  Tropical Forestry (Vol. 10, 
pp. 299–346). Cham: Springer. https://doi.org/10.1007/978-3-319-
14133 -6_10
Lin, C.-S., & Chang, W.-C. (1998). Micropropagation of Bambusa edu-
lis through nodal explants of field-grown culms and flowering of 
regenerated plantlets. Plant Cell Reports, 17, 617–620. https://doi.
org/10.1007/s0029 90050453
Lin, C.-S., Lai, Y.-H., Sun, C.-W., Liu, N.-T., Tsay, H.-S., Chang, W.-
C., & Chen, J. J. (2006). Identification of ESTs differentially ex-
pressed in green and albino mutant bamboo (Bambusa edulis) by 
suppressive subtractive hybridization (SSH) and microarray analy-
sis. Plant Cell, Tissue and Organ Culture, 86, 169–175. https://doi.
org/10.1007/s1124 0-006-9105-3
Lin, C.-C., Lin, C.-S., & Chang, W.-C. (2003). In vitro flowering of 
Bambusa edulis and subsequent plantlet survival. Plant Cell, Tissue 
and Organ Culture, 72, 71–78. https://doi.org/10.1023/A:10212 
81217589
Lin, C.-S., Lin, C.-C., & Chang, W.-C. (2004). Effect of thidiazuron on 
vegetative tissue-derived somatic embryogenesis and flowering of 
bamboo Bambusa edulis. Plant Cell, Tissue and Organ Culture, 76, 
75–82. https://doi.org/10.1023/A:10258 48016557
Lin, C.-S., Lin, C.-C., & Chang, W.-C. (2005). Shoot regeneration, 
re-flowering and post flowering survival in bamboo inflorescence 
culture. Plant Cell, Tissue and Organ Culture, 82, 243–249. https://
doi.org/10.1007/s1124 0-005-0883-9
Lin, C.-S., Vidmar, J., & Chang, W.-C. (2004). Effects of growth regula-
tors on inflorescence proliferation of Bambusa edulis. Plant Growth 
Regulation, 43, 221–225. https://doi.org/10.1023/B:GROW.00000 
45980.48099.7c
Lin, J., He, X., Hu, Y., Kuang, T., & Ceulemans, R. (2002). Lignification 
and lignin heterogeneity for various age classes of bamboo 
(Phyllostachys pubescens) stems. Physiologia Plantarum, 114, 
296–302. https://doi.org/10.1034/j.1399-3054.2002.11402 16.x
Lin, X. C., Lou, Y. F., Liu, J., Peng, J. S., Liao, G. L., & Fang, W. (2010). 
Crossbreeding of Phyllostachys species (Poaceae) and identifica-
tion of their hybrids using ISSR markers. Genetics and Molecular 
Research, 9, 1398–1404. https://doi.org/10.4238/vol9-3gmr855
Lin, X., Lou, Y., Zhang, Y., Yuan, X., He, J., & Fang, W. (2011). 
Identification of genetic diversity among cultivars of Phyllostachys 
violascens using ISSR, SRAP and AFLP Markers. Botanical 
Review, 77, 223–232. https://doi.org/10.1007/s1222 9-011-9078-8
Lin, X. C., Ruan, X. S., Lou, Y. F., Guo, X. Q., & Fang, W. (2009). 
Genetic similarity among cultivars of Phyllostachys pubes-
cens. Plant Systematics and Evolution, 277, 67–73. https://doi.
org/10.1007/s0060 6-008-0104-1
Lin, Y., Lu, J. J., Wu, M. D., Zhou, M. B., Fang, W., Ide, Y., & Tang, 
D. Q. (2014). Identification, cross-taxon transferability and applica-
tion of full-length cDNA SSR markers in Phyllostachys pubescens. 
SpringerPlus, 3, 486. https://doi.org/10.1186/2193-1801-3-486
Linde-Laursen, I., Heslop-Harrison, J. S., Shepherd, K. W., & Taketa, 
S. (1997). The barley genome and its relationship with the wheat 
genomes. A survey with an internationally agreed recommendation 
for barley chromosome nomenclature. Hereditas, 126, 1–16. https://
doi.org/10.1111/j.1601-5223.1997.00001.x
Liu, H., Gao, Y., Wu, M., Shi, Y., Wang, H., Wu, L., & Xiang, Y. (2020). 
TCP10, a TCP transcription factor in moso bamboo (Phyllostachys 
edulis), confers drought tolerance to transgenic plants. Environmental 
and Experimental Botany, 172, 104002. https://doi.org/10.1016/j.
envex pbot.2020.104002
Liu, H.-L., Wu, M., Li, F., Gao, Y.-M., Chen, F., & Xiang, Y. (2018). 
TCP transcription factors in moso bamboo (Phyllostachys edulis): 
Genome-wide identification and expression analysis. Frontiers in 
Plant Science, 9, 1263. https://doi.org/10.3389/fpls.2018.01263
Liu, H., Wu, M., Zhu, D., Pan, F., Wang, Y., Wang, Y., & Xiang, Y. 
(2017). Genome-wide analysis of the AAAP gene family in moso 
bamboo (Phyllostachys edulis). BMC Plant Biology, 17, 29. https://
doi.org/10.1186/s1287 0-017-0980-z
Liu, H., Yu, H., Tang, G., & Huang, T. (2018). Small but powerful: 
Function of microRNAs in plant development. Plant Cell Reports, 
37, 515–528. https://doi.org/10.1007/s0029 9-017-2246-5
Liu, J., Cheng, Z., Xie, L., Li, X., & Gao, J. (2019). Multifaceted role 
of PheDof12-1 in the regulation of flowering time and abiotic stress 
responses in moso bamboo (Phyllostachys edulis). International 
Journal of Molecular Sciences, 20, E424.
Liu, J.-X., Zhou, M.-Y., Yang, G.-Q., Zhang, Y.-X., Ma, P.-F., Guo, C., 
… Li, D.-Z. (2020). ddRAD analyses reveal a credible phylogenetic 
relationship of the four main genera of Bambusa-Dendrocalamus-
Gigantochloa complex (Poaceae: Bambusoideae). Molecular 
Phylogenetics and Evolution, 146, 106758. https://doi.org/10.1016/j.
ympev.2020.106758
Liu, M., & Grigoriev, A. (2004). Protein domains correlate strongly 
with exons in multiple eukaryotic genomes – Evidence of exon shuf-
fling? Trends in Genetics, 20, 399–403. https://doi.org/10.1016/j.
tig.2004.06.013
Liu, N.-T., Wu, F.-H., Tsay, H.-S., Chang, W.-C., & Lin, C.-S. (2008). 
Establishment of a cDNA library from Bambusa edulis Murno in vi-
tro-grown shoots. Plant Cell, Tissue and Organ Culture, 95, 21–27. 
https://doi.org/10.1007/s1124 0-008-9409-6
Liu, Q., Zhao, N., Yamaguch-Shinozaki, K., & Shinozaki, K. (2000). 
Regulatory role of DREB transcription factors in plant drought, salt 
and cold tolerance. Chinese Science Bulletin, 45, 970–975. https://
doi.org/10.1007/BF028 84972
Liu, Y., Wu, C., Hu, X., Gao, H., Wang, Y., Luo, H., … Zhu, Q. (2020). 
Transcriptome profiling reveals the crucial biological pathways in-
volved in cold response in moso bamboo (Phyllostachys edulis). Tree 
Physiology, 40, 538–556. https://doi.org/10.1093/treep hys/tpz133
Loh, J. P., Kiew, R., Set, O., Gan, L. H., & Gan, Y.-Y. (2000). A Study 
of genetic variation and relationships within the bamboo subtribe 
Bambusinae using amplified fragment length polymorphism. Annals 
of Botany, 85, 607–612. https://doi.org/10.1006/anbo.2000.1109
32 of 36 |   RAMAKRISHNAN et Al.
Long, M., Betrán, E., Thornton, K., & Wang, W. (2003). The origin 
of new genes: Glimpses from the young and old. Nature Reviews 
Genetics, 4, 865–875. https://doi.org/10.1038/nrg1204
Lou, Y., Sun, H., Li, L., Zhao, H., & Gao, Z. J. D. (2017). Characterization 
and primary functional analysis of a bamboo ZEP gene from 
Phyllostachys edulis. DNA and Cell Biology, 36, 747–758.
Ma, P. F., Zhang, Y. X., Zeng, C. X., Guo, Z. H., & Li, D. Z. (2014). 
Chloroplast phylogenomic analyses resolve deep-level relationships 
of an intractable bamboo tribe Arundinarieae (Poaceae). Systematic 
Biology, 63, 933–950. https://doi.org/10.1093/sysbi o/syu054
Ma, X., Zhao, H., Xu, W., You, Q., Yan, H., Gao, Z., & Su, Z. (2018). 
Co-expression gene network analysis and functional module identi-
fication in bamboo growth and development. Frontiers in Genetics, 
9, 574. https://doi.org/10.3389/fgene.2018.00574
Makarevitch, I., Waters, A. J., West, P. T., Stitzer, M., Hirsch, C. N., 
Ross-Ibarra, J., & Springer, N. M. (2015). Transposable elements 
contribute to activation of maize genes in response to abiotic 
stress. PLoS Genetics, 11, e1004915. https://doi.org/10.1371/journ 
al.pgen.1004915 
Marulanda, M. L., Márquez, P., & Londoño, X. (2002). AFLP analysis 
of Guadua angustifolia (Poaceae: Bambusoideae) in Colombia with 
emphasis on the coffee region. Bamboo Science and Culture, 16, 
32–42.
McClintock, B. (1984). The significance of responses of the genome 
to challenge. Science, 226, 792–801. https://doi.org/10.1126/scien 
ce.15739260
Mudoi, K. D., Saikia, S. P., Goswami, A., Gogoi, A., Bora, D., & 
Borthakur, M. (2013). Micropropagation of important bamboos: A 
review. African Journal of Biotechnology, 12, 2770–2785.
Mukherjee, A. K., Ratha, S., Dhar, S., Debata, A. K., Acharya, P. K., 
Mandal, S., … Mahapatra, A. K. (2010). Genetic relationships 
among 22 taxa of bamboo revealed by ISSR and EST-based ran-
dom primers. Biochemical Genetics, 48, 1015–1025. https://doi.
org/10.1007/s1052 8-010-9390-8
Nadgauda, R. S., Parasharami, V. A., & Mascarenhas, A. F. (1990). 
Precocious flowering and seeding behaviour in tissue-cultured bam-
boos. Nature, 344, 335. https://doi.org/10.1038/344335a0
Nag, A., Gupta, P., Sharma, V., Sood, A., Ahuja, P. S., & Sharma, R. K. 
(2013). AFLP and RAPD based genetic diversity assessment of in-
dustrially important reed bamboo (Ochlandra travancorica Benth). 
Journal of Plant Biochemistry and Biotechnology, 22, 144–149. 
https://doi.org/10.1007/s1356 2-012-0114-5
Nayak, S., & Rout, G. R. (2005). Isolation and characterization of mi-
crosatellites in Bambusa arundinacea and cross species amplifica-
tion in other bamboos. Plant Breeding, 124, 599–602. https://doi.
org/10.1111/j.1439-0523.2005.01102.x
Nayak, S., Rout, G. R., & Das, P. (2003). Evaluation of the genetic 
variability in bamboo using RAPD markers. Plant, Soil and 
Environment, 49, 24–28. https://doi.org/10.17221/ 4085-PSE
Niazian, M., & Shariatpanahi, M. E. (2020). In vitro-based doubled hap-
loid production: Recent improvements. Euphytica, 216, 69. https://
doi.org/10.1007/s1068 1-020-02609 -7
Nilkanta, H., Amom, T., Tikendra, L., Rahaman, H., & Nongdam, P. 
(2017). ISSR marker based population genetic study of Melocanna 
baccifera (Roxb.) Kurz: A commercially important bamboo of 
Manipur, North-East India. Scientifica (Cairo), 2017, 3757238.
Pan, F., Wang, Y., Liu, H., Wu, M., Chu, W., Chen, D., & Xiang, Y. 
(2017). Genome-wide identification and expression analysis of 
SBP-like transcription factor genes in moso bamboo (Phyllostachys 
edulis). BMC Genomics, 18, 486. https://doi.org/10.1186/s1286 
4-017-3882-4
Panee, J. (2015). Potential medicinal application and toxicity evalua-
tion of extracts from bamboo plants. Journal of Medicinal Plants 
Research, 9, 681–692. https://doi.org/10.5897/JMPR2 014.5657
Paterson, A. H., Bowers, J. E., Bruggmann, R., Dubchak, I., Grimwood, 
J., Gundlach, H., … Rokhsar, D. S. (2009). The Sorghum bicolor 
genome and the diversification of grasses. Nature, 457, 551. https://
doi.org/10.1038/natur e07723
Peng, Z., Lu, T., Li, L., Liu, X., Gao, Z., Hu, T., … Jiang, Z. (2010). 
Genome-wide characterization of the biggest grass, bamboo, 
based on 10,608 putative full-length cDNA sequences. BMC Plant 
Biology, 10, 116. https://doi.org/10.1186/1471-2229-10-116
Peng, Z., Lu, Y., Li, L., Zhao, Q., Feng, Q. I., Gao, Z., … Jiang, Z. 
(2013). The draft genome of the fast-growing non-timber forest spe-
cies moso bamboo (Phyllostachys heterocycla). Nature Genetics, 
45, 456. https://doi.org/10.1038/ng.2569
Peng, Z., Zhang, C., Zhang, Y., Hu, T., Mu, S., Li, X., & Gao, J. (2013). 
Transcriptome sequencing and analysis of the fast-growing shoots of 
moso bamboo (Phyllostachys edulis). PLoS One, 8, e78944. https://
doi.org/10.1371/journ al.pone.0078944
Qiao, G., Li, H., Liu, M., Jiang, J., Yin, Y., Zhang, L., & Zhuo, R. 
(2013). Callus induction and plant regeneration from anthers of 
Dendrocalamus latiflorus Munro. In Vitro Cellular & Developmental 
Biology - Plant, 49, 375–382. https://doi.org/10.1007/s1162 
7-013-9498-8
Qiao, G., Yang, H., Zhang, L., Han, X., Liu, M., Jiang, J., … Zhuo, R. 
(2014). Enhanced cold stress tolerance of transgenic Dendrocalamus 
latiflorus Munro (Ma bamboo) plants expressing a bacterial CodA 
gene. In Vitro Cellular & Developmental Biology - Plant, 50, 385–
391. https://doi.org/10.1007/s1162 7-013-9591-z
Ramakrishnan, M., Zhou, M., Baskar, K., & Packiam, S. (2018). Role of 
bamboo in ecosystem. Austin Journal of Environmental Toxicology, 
4, 1023.
Ramakrishnan, M., Zhou, M.-B., Pan, C.-F., Hänninen, H., Tang, D.-Q., 
& Vinod, K. K. (2019). Nuclear export signal (NES) of transposases 
affects the transposition activity of mariner-like elements Ppmar1 
and Ppmar2 of moso bamboo. Mobile DNA, 10, 35. https://doi.
org/10.1186/s1310 0-019-0179-y
Ramakrishnan, M., Zhou, M., Pan, C., Hänninen, H., Yrjälä, K., Vinod, 
K. K., & Tang, D. (2019). Affinities of terminal inverted repeats to 
DNA binding domain of transposase affect the transposition activ-
ity of bamboo Ppmar2 mariner-like element. International Journal 
of Molecular Sciences, 20(15), 3692. https://doi.org/10.3390/ijms2 
0153692
Ramalakshmi, O. I., & Piramanayagam, S. (2010). Mining of SSR 
markers from Expressed Sequence Tags of bamboo species. 
Bioinformation, 5, 240–243.
Ramanayake, S. M. S. D., Meemaduma, V. N., & Weerawardene, T. 
E. (2007). Genetic diversity and relationships between nine spe-
cies of bamboo in Sri Lanka, using random amplified polymorphic 
DNA. Plant Systematics and Evolution, 269, 55–61. https://doi.
org/10.1007/s0060 6-007-0587-1
Rao, A. N., & Rao, V. R. (1999). Bamboo – Conservation, diversity, 
ecogeography, germplasm, resources utilization and taxonomy (p. 
275). Rome: International Plant Genetic Resources Institute.
Rao, J. T., Alexander, M. P., & Kandasami, P. A. (1967). Intergeneric 
hybridization between Saccharum (sugarcane) and Bambusa (bam-
boo). Journal of the Indian Botanical Society, 46, 199–208.
   | 33 of 36RAMAKRISHNAN et Al.
Rao, J. T., Alexander, M. P., & Kandasami, P. A. (1969). Saccharum 
x Bambusa hybridization. Studies on the development of the hy-
brid embryo. Proceedings – International Society of Sugar Cane 
Technologists, 13, 955–962.
Ruan, X., Lin, X., Lou, Y., Guo, X., Fang, W., & Chen, C. (2008). 
Genetic diversity of Phyllostachys heterocycla var. pubescens prov-
enances by AFLP and ISSR. Journal of Zhejiang Forestry Science 
and Technology, 28, 29–33.
Sandhu, M., Wani, S. H., & Jiménez, V. M. (2018). In vitro propaga-
tion of bamboo species through axillary shoot proliferation: A re-
view. Plant Cell, Tissue and Organ Culture, 132, 27–53. https://doi.
org/10.1007/s1124 0-017-1325-1
Sasaki, T. (2005). The map-based sequence of the rice genome. Nature, 
436, 793. https://doi.org/10.1038/natur e03895
Schnable, P. S., Ware, D., Fulton, R. S., Stein, J. C., Wei, F., Pasternak, 
S., … Wilson, R. K. (2009). The B73 maize genome: Complexity, 
diversity, and dynamics. Science, 326, 1112–1115. https://doi.
org/10.1126/scien ce.1178534
Shalini, A., Meena, R. K., Tarafdar, S., & Thakur, S. (2013). Evaluation 
of genetic diversity in bamboo through DNA marker and study of 
association with morphological traits. Bulletin of Environment, 
Pharmacology and Life Sciences, 2, 78–83.
Sharma, R., Gupta, P., Sharma, V., Sood, A., Mohapatra, T., & Ahuja, 
P. S. (2008). Evaluation of rice and sugarcane SSR markers for phy-
logenetic and genetic diversity analyses in bamboo. Genome, 51, 
91–103. https://doi.org/10.1139/g07-101
Sharma, V., Bhardwaj, P., Kumar, R., Sharma, R. K., Sood, A., & 
Ahuja, P. S. (2009). Identification and cross-species amplifica-
tion of EST derived SSR markers in different bamboo species. 
Conservation Genetics, 10, 721–724. https://doi.org/10.1007/
s1059 2-008-9630-1
Shi, Y., Liu, H., Gao, Y., Wang, Y., Wu, M., & Xiang, Y. (2019). 
Genome-wide identification of growth-regulating factors in moso 
bamboo (Phyllostachys edulis): In silico and experimental analyses. 
PeerJ, 7, e7510.
Shih, M.-C., Chou, M.-L., Yue, J.-J., Hsu, C.-T., Chang, W.-J., Ko, 
S.-S., … Lin, C.-S. (2014). BeMADS1 is a key to delivery MADSs 
into nucleus in reproductive tissues-De novo characterization of 
Bambusa edulis transcriptome and study of MADS genes in bam-
boo floral development. BMC Plant Biology, 14, 179. https://doi.
org/10.1186/1471-2229-14-179
Singh, S. R., Singh, R., Kalia, S., Dalal, S., Dhawan, A. K., & Kalia, 
R. K. (2013). Limitations, progress and prospects of application of 
biotechnological tools in improvement of bamboo-a plant with ex-
traordinary qualities. Physiology and Molecular Biology of Plants, 
19, 21–41. https://doi.org/10.1007/s1229 8-012-0147-1
Song, X., Peng, C., Zhou, G., Gu, H., Li, Q., & Zhang, C. (2016). 
Dynamic allocation and transfer of non-structural carbohydrates, 
a possible mechanism for the explosive growth of moso bamboo 
(Phyllostachys heterocycla). Scientific Reports, 6, 25908. https://
dx.doi.org/10.1038/srep2 5908
Sood, P., Bhattacharya, A., Joshi, R., Gulati, A., Chanda, S., & Sood, 
A. (2014). A method to overcome the waxy surface, cell wall thick-
ening and polyphenol induced necrosis at wound sites - the major 
deterrents to Agrobacterium mediated transformation of bamboo, a 
woody monocot. Journal of Plant Biochemistry and Biotechnology, 
23, 69–80. https://doi.org/10.1007/s1356 2-013-0189-7
Sun, H., Li, L., Lou, Y., Zhao, H., & Gao, Z. (2016). Genome-wide 
identification and characterization of aquaporin gene family in moso 
bamboo (Phyllostachys edulis). Molecular Biology Reports, 43, 
437–450. https://doi.org/10.1007/s1103 3-016-3973-3
Sun, H., Li, L., Lou, Y., Zhao, H., Yang, Y., & Gao, Z. (2016). Cloning 
and preliminary functional analysis of PeUGE gene from moso 
bamboo (Phyllostachys edulis). DNA and Cell Biology, 35, 706–
714. https://doi.org/10.1089/dna.2016.3389
Sun, H., Wang, S., Lou, Y., Zhu, C., Zhao, H., Li, Y., … Gao, Z. (2018). 
Whole-genome and expression analyses of bamboo aquaporin genes 
reveal their functions involved in maintaining diurnal water bal-
ance in bamboo shoots. Cells, 7, 195. https://doi.org/10.3390/cells 
7110195
Suyama, Y., Obayashi, K., & Hayashi, I. (2000). Clonal structure in a dwarf 
bamboo (Sasa senanensis) population inferred from amplified frag-
ment length polymorphism (AFLP) fingerprints. Molecular Ecology, 
9, 901–906. https://doi.org/10.1046/j.1365-294x.2000.00943.x
Tang, D.-Q., Lu, J.-J., Fang, W., Zhang, S., & Zhou, M.-B. (2010). 
Development, characterization and utilization of GenBank microsat-
ellite markers in Phyllostachys pubescens and related species. Mol. 
Breed., 25, 299–311. https://doi.org/10.1007/s1103 2-009-9333-4
Tao, G., Fu, Y., & Zhou, M. (2018). Advances in studies on molec-
ular mechanisms of rapid growth of bamboo species. Journal of 
Agriculture Biotechnology, 26, 871–887.
Tian, B., Yang, H.-Q., Wong, K.-M., Liu, A.-Z., & Ruan, Z.-Y. (2012). 
ISSR analysis shows low genetic diversity versus high genetic dif-
ferentiation for giant bamboo, Dendrocalamus giganteus (Poaceae: 
Bambusoideae), in China populations. Genetic Resources and Crop 
Evolution, 59, 901–908. https://doi.org/10.1007/s1072 2-011-9732-3
Vanburen, R., Wai, C. M., Keilwagen, J., & Pardo, J. (2018). A chro-
mosome-scale assembly of the model desiccation tolerant grass 
Oropetium thomaeum. Plant Direct, 2, e00096. https://doi.
org/10.1002/pld3.96
Vogtlander, J., & Van der Lugt, P. (2014). The environmental impact 
of industrial bamboo products: Life-cycle assessment and carbon 
sequestration. INBAR Technical Report, No, 35. Beijing, China: 
International Network of Bamboo & Rattan.
Vorontsova, M. S., Clark, L. G., Dransfield, J., Govaerts, R., & Baker, 
W. J. (2016). World checklist of bamboos and rattans. INBAR 
Technical Report, No. 37. Beijing, China: International Network of 
Bamboo & Rattan.
Waikhom, S. D., Ghosh, S., Talukdar, N. C., & Mandi, S. S. (2012). 
Assessment of genetic diversity of landraces of Dendrocalamus 
hamiltonii using AFLP markers and association with biochemical 
traits. Genetics and Molecular Research, 11, 2107–2121. https://doi.
org/10.4238/2012.June.21.1
Wang, C. P., Yu, Z. H., Ye, G. H., Chu, C. D., Chao, C. S., Chen, S. Y., 
… Zhao, H. R. (1980). A taxonomical study of Phyllostachys, China 
I. Acta Phytotaxonomica Sinica, 18, 15–19.
Wang, L., Zhao, H., Chen, D., Li, L., Sun, H., Lou, Y., & Gao, Z. (2016). 
Characterization and primary functional analysis of a bamboo NAC 
gene targeted by miR164b. Plant Cell Reports, 35, 1371–1383. 
https://doi.org/10.1007/s0029 9-016-1970-6
Wang, P. P., Beaune, P., Kaminsky, L. S., Dannan, G. A., Kadlubar, F. 
F., Larrey, D., & Guengerich, F. P. (1983). Purification and char-
acterization of six cytochrome P450 isozymes from human liver 
microsomes. Biochemistry, 22, 5375–5385. https://doi.org/10.1021/
bi002 92a019
Wang, Q., Ma, F., Yang, Y., Dong, J., Wang, H., Li, R., … Sun, B. 
(2014). Bamboo leaf and pollen fossils from the Late Miocene of 
Eastern Zhejiang, China and their phytogeological significance. 
34 of 36 |   RAMAKRISHNAN et Al.
Acta Geologica Sinica - English Edition, 88, 1066–1083. https://doi.
org/10.1111/1755-6724.12274
Wang, S., Chen, T.-H., Liu, E.-U., & Liu, C.-P. (2020). Accessing 
the nursing behaviour of moso bamboo (Phyllostachys edulis) on 
carbohydrates dynamics and photosystems. Scientific Reports, 10, 
1015.
Wang, S., Sun, H., Xu, X., Yang, K., Zhao, H., Li, Y., … Gao, Z. (2019). 
Genome-wide identification and expression analysis of brassi-
nosteroid action-related genes during the shoot growth of moso 
bamboo. Molecular Biology Reports, 46, 1909–1930. https://doi.
org/10.1007/s1103 3-019-04642 -9
Wang, T., Li, Q., Lou, S., Yang, Y., Peng, L., Lin, Z., … Ma, L. (2019). 
GSK3/shaggy-like kinase 1 ubiquitously regulates cell growth from 
Arabidopsis to moso bamboo (Phyllostachys edulis). Plant Science, 
283, 290–300. https://doi.org/10.1016/j.plant sci.2019.03.015
Wang, T., Liu, L., Wang, X., Liang, L., Yue, J., & Li, L. (2018). 
Comparative analyses of anatomical structure, phytohormone lev-
els, and gene expression profiles reveal potential dwarfing mech-
anisms in shengyin bamboo (Phyllostachys edulis f. tubaeformis). 
International Journal of Molecular Sciences, 19, E1697.
Wang, T., Wang, H., Cai, D., Gao, Y., Zhang, H., Wang, Y., … Gu, 
L. (2017). Comprehensive profiling of rhizome-associated alter-
native splicing and alternative polyadenylation in moso bamboo 
(Phyllostachys edulis). The Plant Journal, 91, 684–699.
Wang, T., Yang, Y., Lou, S., Wei, W., Zhao, Z., Lin, C., & Ma, L. 
(2019). Genome-wide analysis of GATA factors in moso bamboo 
(Phyllostachys edulis) unveils that PeGATAs regulate shoot rap-
id-growth and rhizome development. bioRxiv, 744003.
Wang, W., Gu, L., Ye, S., Zhang, H., Cai, C., Xiang, M., … Zhu, Q. 
(2017). Genome-wide analysis and transcriptomic profiling of the 
auxin biosynthesis, transport and signaling family genes in moso 
bamboo (Phyllostachys heterocycla). BMC Genomics, 18, 870. 
https://doi.org/10.1186/s1286 4-017-4250-0
Wang, X., Keplinger, T., Gierlinger, N., & Burgert, I. (2014). Plant ma-
terial features responsible for bamboo's excellent mechanical perfor-
mance: A comparison of tensile properties of bamboo and spruce at 
the tissue, fibre and cell wall levels. Annals of Botany, 114, 1627–
1635. https://doi.org/10.1093/aob/mcu180
Wang, X. Q., Zhao, L., Eaton, D. A. R., Li, D. Z., & Guo, Z. H. 
(2013). Identification of SNP markers for inferring phylogeny 
in temperate bamboos (Poaceae: Bambusoideae) using RAD se-
quencing. Molecular Ecology Resources, 13, 938–945. https://doi.
org/10.1111/1755-0998.12136
Wang, Y., Gao, Y., Zhang, H., Wang, H., Liu, X., Xu, X., … Gu, L. 
(2019). Genome-wide profiling of circular RNAs in the rapidly 
growing shoots of moso bamboo (Phyllostachys edulis). Plant and 
Cell Physiology, 60, 1354–1373. https://doi.org/10.1093/pcp/pcz043
Wang, Y., Liu, H., Zhu, D., Gao, Y., Yan, H., & Xiang, Y. (2017). 
Genome-wide analysis of VQ motif-containing proteins in moso 
bamboo (Phyllostachys edulis). Planta, 246, 165–181. https://doi.
org/10.1007/s0042 5-017-2693-9
Wang, Y., Sun, X., Ding, Y., Fei, Z., Jiao, C., Fan, M., … Wei, Q. 
(2019). Cellular and molecular characterization of a thick wall-vari-
ant reveal a pivotal role of shoot apical meristem in transverse de-
velopment of bamboo culm. Journal of Experimental Botany, 70, 
3911–3926.
Watanabe, M., Ito, M., & Kurita, S. (1994). Chloroplast DNA phylog-
eny of Asian bamboos (Bambusoideae) and its systematic implica-
tions. Journal of Plant Research, 107, 253–261.
Wei, Q., Guo, L., Jiao, C., Fei, Z., Chen, M., Cao, J., … Yuan, Q. (2019). 
Characterization of the developmental dynamics of the elongation of 
a bamboo internode during the fast growth stage. Tree Physiology, 
39, 1201–1214. https://doi.org/10.1093/treep hys/tpz063
Wei, Q., Jiao, C., Ding, Y., Gao, S., Guo, L., Chen, M., … Fei, Z. (2018). 
Cellular and molecular characterizations of a slow-growth variant 
provide insights into the fast growth of bamboo. Tree Physiology, 
38, 641–654. https://doi.org/10.1093/treep hys/tpx129
Wei, Q., Jiao, C., Guo, L., Ding, Y., Cao, J., Feng, J., … Fei, Z. (2017). 
Exploring key cellular processes and candidate genes regulating 
the primary thickening growth of moso underground shoots. New 
Phytologist, 214, 81–96. https://doi.org/10.1111/nph.14284
Wicker, T., Sabot, F., Hua-Van, A., Bennetzen, J. L., Capy, P., Chalhoub, 
B., … Schulman, A. H. (2007). A unified classification system for 
eukaryotic transposable elements. Nature Reviews Genetics, 8, 973–
982. https://doi.org/10.1038/nrg2165
Wróblewska, K. B., De Oliveira, D. C., Grombone-Guaratini, M. T., & 
Moreno, P. R. H. (2018). Medicinal properties of bamboos. In S. 
Perveen & A. Al-Taweel (Eds.), Pharmacognosy-medicinal plants 
(pp. 1–18). London, UK: IntechOpen.
Wu, H. L., Li, L., Cheng, Z. C., Ge, W., Gao, J., & Li, X. P. (2015). 
Cloning and stress response analysis of the PeDREB2A and 
PeDREB1A genes in moso bamboo (Phyllostachys edulis). 
Genetics and Molecular Research, 14, 10206–10223. https://doi.
org/10.4238/2015.August.28.4
Wu, H., Lv, H., Li, L., Liu, J., Mu, S., Li, X., & Gao, J. (2015). Genome-
wide analysis of the AP2/ERF transcription factors family and the 
expression patterns of DREB genes in moso bamboo (Phyllostachys 
edulis). PLoS One, 10, e0126657. https://doi.org/10.1371/journ 
al.pone.0126657
Wu, M., Cai, R., Liu, H., Li, F., Zhao, Y., & Xiang, Y. (2018). A moso 
bamboo drought-induced 19 protein, PeDi19-4, enhanced drought 
and salt tolerance in plants via the ABA-dependent signaling path-
way. Plant and Cell Physiology, 60, e1–e14.
Wu, M., Li, Y., Chen, D., Liu, H., Zhu, D., & Xiang, Y. (2016). 
Genome-wide identification and expression analysis of the IQD 
gene family in moso bamboo (Phyllostachys edulis). Scientific 
Reports, 6, 24520.
Wu, M., Liu, H., Han, G., Cai, R., Pan, F., & Xiang, Y. (2017). A moso 
bamboo WRKY gene PeWRKY83 confers salinity tolerance in trans-
genic Arabidopsis plants. Scientific Reports, 7, 11721.
Wu, X., Fan, W., Du, H., Ge, H., Huang, F., & Xu, X. (2019). Estimating 
crown structure parameters of moso bamboo: Leaf area and leaf 
angle distribution. Forests, 10, 686. https://doi.org/10.3390/f1008 
0686
Wysocki, W. P., Clark, L. G., Attigala, L., Ruiz-Sanchez, E., & Duvall, 
M. R. (2015). Evolution of the bamboos (Bambusoideae; Poaceae): 
A full plastome phylogenomic analysis. BMC Evolutionary Biology, 
15, 50. https://doi.org/10.1186/s1286 2-015-0321-5
Wysocki, W. P., Ruiz-Sanchez, E., Yin, Y., & Duvall, M. R. (2016). 
The floral transcriptomes of four bamboo species (Bambusoideae; 
Poaceae): Support for common ancestry among woody bam-
boos. BMC Genomics, 17, 384. https://doi.org/10.1186/s1286 
4-016-2707-1
Xia, X., Gui, R., Yang, H., Fu, Y., Wei, F., & Zhou, M. (2015). 
Identification of genes involved in color variation of bamboo 
culms by suppression subtractive hybridization. Plant Physiology 
and Biochemistry, 97, 156–164. https://doi.org/10.1016/j.
plaphy.2015.10.004
   | 35 of 36RAMAKRISHNAN et Al.
Xu, M., Ji, H., & Zhuang, S. (2018). Carbon stock of moso bamboo 
(Phyllostachys pubescens) forests along a latitude gradient in the 
subtropical region of China. PLoS One, 13, e0193024. https://doi.
org/10.1371/journ al.pone.0193024
Xu, P., Mohorianu, I., Yang, L., Zhao, H., Gao, Z., & Dalmay, T. (2014). 
Small RNA profile in moso bamboo root and leaf obtained by high 
definition adapters. PLoS One, 9, e103590. https://doi.org/10.1371/
journ al.pone.0103590
Xu, X., Du, H., Zhou, G., Ge, H., Shi, Y., Zhou, Y., … Fan, W. 
(2011). Estimation of aboveground carbon stock of moso bamboo 
(Phyllostachys heterocycla var. pubescens) forest with a Landsat 
thematic mapper image. International Journal of Remote Sensing, 
32, 1431–1448.
Yang, G.-Q., Chen, Y.-M., Wang, J.-P., Guo, C., Zhao, L., Wang, X.-Y., 
… Guo, Z.-H. (2016). Development of a universal and simplified 
ddRAD library preparation approach for SNP discovery and ge-
notyping in angiosperm plants. Plant Methods, 12, 39. https://doi.
org/10.1186/s1300 7-016-0139-1
Yang, H. Q., An, M. Y., Gu, Z. J., & Tian, B. (2012). Genetic diver-
sity and differentiation of Dendrocalamus membranaceus (Poaceae: 
Bambusoideae), a declining bamboo species in Yunnan, China, as 
based on inter-simple sequence repeat (ISSR) analysis. International 
Journal of Molecular Sciences, 13, 4446–4457. https://doi.
org/10.3390/ijms1 3044446
Yang, H., Xia, X., Fang, W., Fu, Y., An, M., & Zhou, M. (2015). 
Identification of genes involved in spontaneous leaf color variation 
in Pseudosasa japonica. Genetics and Molecular Research, 14, 
11827–11840. https://doi.org/10.4238/2015.Octob er.2.16
Yang, K., Li, Y., Wang, S., Xu, X., Sun, H., Zhao, H., … Gao, Z. (2019). 
Genome-wide identification and expression analysis of the MYB tran-
scription factor in moso bamboo (Phyllostachys edulis). PeerJ, 6, e6242.
Yang, Z., Chen, L., Kohnen, M. V., Xiong, B., Zhen, X., Liao, J., … 
Liu, B. (2019). Identification and characterization of the PEBP fam-
ily genes in moso bamboo (Phyllostachys heterocycla). Scientific 
Reports, 9, 14998. https://doi.org/10.1038/s4159 8-019-51278 -7
Ye, S., Cai, C., Ren, H., Wang, W., Xiang, M., Tang, X., … Zhu, Q. 
(2017). An efficient plant regeneration and transformation system of 
ma bamboo (Dendrocalamus latiflorus Munro) started from young 
shoot as explant. Frontiers in Plant Science, 8, 1298. https://doi.
org/10.3389/fpls.2017.01298
Ye, S., Chen, G., Kohnen, M. V., Wang, W., Cai, C., Ding, W., … Zhu, Q. 
(2019). Robust CRISPR/Cas9 mediated genome editing and its appli-
cation in manipulating plant height in the first generation of hexaploid 
ma bamboo (Dendrocalamus latiflorus Munro). Plant Biotechnology 
Journal, 18, 1501–1503. https://doi.org/10.1111/pbi.13320
Ye, X.-Y., Ma, P.-F., Yang, G.-Q., Guo, C., Zhang, Y.-X., Chen, Y.-
M., … Li, D.-Z. (2019). Rapid diversification of alpine bamboos 
associated with the uplift of the Hengduan Mountains. Journal of 
Biogeography, 46, 2678–2689. https://doi.org/10.1111/jbi.13723
Yeasmin, L., Ali, M. N., Gantait, S., & Chakraborty, S. (2015). Bamboo: 
an overview on its genetic diversity and characterization. 3 Biotech, 
5(1), 1–11. https://doi.org/10.1007/s1320 5-014-0201-5
Yu, X., Wang, Y., Kohnen, M. V., Piao, M., Tu, M., Gao, Y., … Gu, L. 
(2019). Large scale profiling of protein isoforms using label-free 
quantitative proteomics revealed the regulation of nonsense-medi-
ated decay in moso bamboo (Phyllostachys edulis). Cells, 8, 744. 
https://doi.org/10.3390/cells 8070744
Yuan, J.-L., Yue, J.-J., Gu, X.-P., & Lin, C.-S. (2017). Flowering of 
woody bamboo in tissue culture systems. Frontiers in Plant Science, 
8, 1589. https://doi.org/10.3389/fpls.2017.01589
Yuan, J.-L., Yue, J.-J., Wu, X.-L., & Gu, X.-P. (2013). Protocol for cal-
lus induction and somatic embryogenesis in moso bamboo. PLoS 
One, 8, e81954. https://doi.org/10.1371/journ al.pone.0081954
Yuan, P., Wang, J., Pan, Y., Shen, B., & Wu, C. (2019). Review of bio-
char for the management of contaminated soil: Preparation, applica-
tion and prospect. Science of the Total Environment, 659, 473–490. 
https://doi.org/10.1016/j.scito tenv.2018.12.400
Zhang, H., Wang, H., Zhu, Q., Gao, Y., Wang, H., Zhao, L., … Gu, 
L. (2018). Transcriptome characterization of moso bamboo 
(Phyllostachys edulis) seedlings in response to exogenous gib-
berellin applications. BMC Plant Biology, 18, 125. https://doi.
org/10.1186/s1287 0-018-1336-z
Zhang, H., Ying, Y.-Q., Wang, J., Zhao, X.-H., Zeng, W., Beahan, C., … Wu, 
A.-M. (2018). Transcriptome analysis provides insights into xylogene-
sis formation in moso bamboo (Phyllostachys edulis) shoot. Scientific 
Reports, 8, 3951. https://doi.org/10.1038/s4159 8-018-21766 -3
Zhang, S., Ma, Q., & Ding, Y. (2007). RAPD analysis for the ge-
netic diversity of Phyllostachys edulis China forestry. Science and 
Technology, 21, 3.
Zhang, Y.-J., Ma, P.-F., & Li, D.-Z. (2011). High-throughput sequencing 
of six bamboo chloroplast genomes: Phylogenetic implications for 
temperate woody bamboos (Poaceae: Bambusoideae). PLoS One, 6, 
e20596. https://doi.org/10.1371/journ al.pone.0020596
Zhang, Y., Tang, D., Lin, X., Ding, M., & Tong, Z. (2018). Genome-
wide identification of MADS-box family genes in moso bamboo 
(Phyllostachys edulis) and a functional analysis of PeMADS5 in 
flowering. BMC Plant Biology, 18, 176. https://doi.org/10.1186/
s1287 0-018-1394-2
Zhang, Z.-J., Guan, Y., Yang, L., Yu, L., & Luo, S.-P. (2011). Analysis of 
SSRs information and development of SSR markers from moso bamboo 
(Phyllostachys edulis) ESTs. Acta Horticulturae Sinica, 38, 989–996.
Zhao, H., Chen, D., Peng, Z., Wang, L., & Gao, Z. (2013). Identification 
and characterization of microRNAs in the leaf of ma bamboo 
(Dendrocalamus latiflorus) by deep sequencing. PLoS One, 8, 
e78755. https://doi.org/10.1371/journ al.pone.0078755
Zhao, H., Dong, L., Sun, H., Li, L., Lou, Y., Wang, L., … Gao, Z. (2016). 
Comprehensive analysis of multi-tissue transcriptome data and the 
genome-wide investigation of GRAS family in Phyllostachys edulis. 
Scientific Reports, 6, 27640. https://doi.org/10.1038/srep2 7640
Zhao, H., Gao, Z., Wang, L. E., Wang, J., Wang, S., Fei, B., … Jiang, Z. 
(2018). Chromosome-level reference genome and alternative splic-
ing atlas of moso bamboo (Phyllostachys edulis). GigaScience, 7, 
giy115. https://doi.org/10.1093/gigas cienc e/giy115
Zhao, H., Lou, Y., Sun, H., Li, L., Wang, L., Dong, L., & Gao, Z. 
(2016). Transcriptome and comparative gene expression analysis of 
Phyllostachys edulis in response to high light. BMC Plant Biology, 
16, 34. https://doi.org/10.1186/s1287 0-016-0720-9
Zhao, H., Peng, Z., Fei, B., Li, L., Hu, T., Gao, Z., & Jiang, Z. (2014). 
BambooGDB: A bamboo genome database with functional annota-
tion and an analysis platform. Database, 2014, bau006. https://doi.
org/10.1093/datab ase/bau006
Zhao, H., Wang, S., Wang, J., Chen, C., Hao, S., Chen, L., … Jiang, 
Z. (2018). The chromosome-level genome assemblies of two rat-
tans (Calamus simplicifolius and Daemonorops jenkinsiana). 
GigaScience, 7, giy097. https://doi.org/10.1093/gigas cienc e/
giy097
Zhao, H., Yang, L., Peng, Z., Sun, H., Yue, X., Lou, Y., … Gao, Z. 
(2015). Developing genome-wide microsatellite markers of bamboo 
and their applications on molecular marker assisted taxonomy for 
accessions in the genus Phyllostachys. Scientific Reports, 5, 8018.
36 of 36 |   RAMAKRISHNAN et Al.
Zhao, H., Zhao, S., Fei, B., Liu, H., Yang, H., Dai, H., … Jiang, Z. 
(2017). Announcing the genome atlas of bamboo and rattan (GABR) 
project: Promoting research in evolution and in economically and 
ecologically beneficial plants. GigaScience, 6, gix046. https://doi.
org/10.1093/gigas cienc e/gix046
Zhao, J., Gao, P., Li, C., Lin, X., Guo, X., & Liu, S. (2019). PhePEBP 
family genes regulated by plant hormones and drought are asso-
ciated with the activation of lateral buds and seedling growth in 
Phyllostachys edulis. Tree Physiology, 39, 1387–1404. https://doi.
org/10.1093/treep hys/tpz056
Zhao, L., Zhang, N., Ma, P.-F., Liu, Q., Li, D.-Z., & Guo, Z.-H. (2013). 
Phylogenomic analyses of nuclear genes reveal the evolutionary re-
lationships within the BEP clade and the evidence of positive selec-
tion in Poaceae. PLoS One, 8, e64642. https://doi.org/10.1371/journ 
al.pone.0064642
Zhaohua, Z., & Wei, J. (2018). Sustainable bamboo development. 
Oxfordshire, UK: CABI.
Zhong, H., Zhou, M., Xu, C., & Tang, D.-Q. (2010). Diversity and evolu-
tion of Pong-like elements in Bambusoideae subfamily. Biochemical 
Systematics and Ecology, 38, 750–758. https://doi.org/10.1016/j.
bse.2010.06.010
Zhou, M., Chen, A., Zhou, Q., Tang, D., & Hänninen, H. (2017). A 
moso bamboo (Phyllostachys edulis) miniature inverted-repeat 
transposable element (MITE): The possible role of a suppressor. 
Tree Genetics and Genomes, 13, 129. https://doi.org/10.1007/s1129 
5-017-1210-4
Zhou, M., Hu, B., & Zhu, Y. (2017). Genome-wide characterization and 
evolution analysis of long terminal repeat retroelements in moso 
bamboo (Phyllostachys edulis). Tree Genetics and Genomes, 13, 43. 
https://doi.org/10.1007/s1129 5-017-1114-3
Zhou, M., Hu, H., Liu, Z., & Tang, D. (2016). Two active bamboo mar-
iner-like transposable elements (Ppmar1 and Ppmar2) identified 
as the transposon-based genetic tools for mutagenesis. Molecular 
Breeding, 36, 163. https://doi.org/10.1007/s1103 2-016-0588-2
Zhou, M. B., Hu, H., Miskey, C., Lazarow, K., Ivics, Z., Kunze, R., … 
Tang, D. Q. (2017). Transposition of the bamboo mariner-like ele-
ment Ppmar1 in yeast. Molecular Phylogenetics and Evolution, 109, 
367–374. https://doi.org/10.1016/j.ympev.2017.02.005
Zhou, M., Liang, L., & Hänninen, H. (2018). A transposition-active 
Phyllostachys edulis long terminal repeat (LTR) retrotransposon. 
Journal of Plant Research, 131, 203–210. https://doi.org/10.1007/
s1026 5-017-0983-8
Zhou, M., Liu, X., & Tang, D. (2011). Transposable elements in 
Phyllostachys pubescens (Poaceae) genome survey sequences and 
the full-length cDNA sequences, and their association with sim-
ple-sequence repeats. Genetics and Molecular Research, 10, 3026–
3037. https://doi.org/10.4238/2011.Decem ber.6.3
Zhou, M., Liu, X., & Tang, D. (2012). PpPIF-1: First isolated full-
length PIF-like element from the bamboo Phyllostachys pubes-
cens. Genetics and Molecular Research, 11, 810–820. https://doi.
org/10.4238/2012.April.3.3
Zhou, M.-B., Lu, J.-J., Zhong, H., Liu, X.-M., & Tang, D.-Q. (2010). 
Distribution and diversity of PIF-like transposable elements in the 
Bambusoideae subfamily. Plant Science, 179, 257–266. https://doi.
org/10.1016/j.plant sci.2010.05.012
Zhou, M.-B., Lu, J.-J., Zhong, H., Tang, K.-X., & Tang, D.-Q. (2010). 
Distribution and polymorphism of mariner-like elements in the 
Bambusoideae subfamily. Plant Systematics and Evolution, 289, 
1–11. https://doi.org/10.1007/s0060 6-010-0323-0
Zhou, M., Tao, G., Pi, P., Zhu, Y., Bai, Y., & Meng, X. (2016). 
Genome-wide characterization and evolution analysis of minia-
ture inverted-repeat transposable elements (MITEs) in moso bam-
boo (Phyllostachys heterocycla). Planta, 244, 775–787. https://doi.
org/10.1007/s0042 5-016-2544-0
Zhou, M.-B., Wu, J.-J., Ramakrishnan, M., Meng, X.-W., & Vinod, 
K. K. (2018). Prospects for the study of genetic variation among 
moso bamboo wild-type and variants through genome resequencing. 
Trees, 33, 371–381. https://doi.org/10.1007/s0046 8-018-1783-z
Zhou, M., Xu, C., Shen, L., Xiang, W., & Tang, D. (2017). Evolution of 
genome sizes in Chinese Bambusoideae (Poaceae) in relation to karyo-
type. Trees, 31, 41–48. https://doi.org/10.1007/s0046 8-016-1453-y
Zhou, M.-B., Zhong, H., Hu, J.-L., & Tang, D.-Q. (2015). Ppmar1 and 
Ppmar2: The first two complete and intact full-length mariner-like 
elements isolated in Phyllostachys edulis. Acta Botanica Gallica, 
162, 127–137.
Zhou, M.-B., Zhong, H., & Tang, D.-Q. (2011). Isolation and character-
ization of seventy-nine full-length mariner-like transposase genes 
in the Bambusoideae subfamily. Journal of Plant Research, 124, 
607–617. https://doi.org/10.1007/s1026 5-010-0396-4
Zhou, M.-B., Zhong, H., Zhang, Q.-H., Tang, K.-X., & Tang, D.-Q. 
(2010). Diversity and evolution of Ty1-copia retroelements in rep-
resentative tribes of Bambusoideae subfamily. Genetica, 138, 861–
868. https://doi.org/10.1007/s1070 9-010-9469-5
Zhou, M., Zhou, Q., & Hänninen, H. (2018). The distribution of trans-
posable elements (TEs) in the promoter regions of moso bamboo 
genes and its influence on downstream genes. Trees, 32, 525–537. 
https://doi.org/10.1007/s0046 8-017-1650-3
Zhou, M., Zhu, Y., Bai, Y., Hänninen, H., & Meng, X. (2017). 
Transcriptionally active LTR retroelement-related sequences and 
their relationship with small RNA in moso bamboo (Phyllostachys 
edulis). Molecular Breeding, 37, 132. https://doi.org/10.1007/s1103 
2-017-0733-6
Zhu, S., Liu, T., Tang, Q., Fu, L., & Tang, S. (2014). Evaluation of 
bamboo genetic diversity using morphological and SRAP analyses. 
Russian Journal of Genetics, 50, 267–273. https://doi.org/10.1134/
S1022 79541 4030132
Zinkgraf, M., Gerttula, S., Zhao, S., Filkov, V., & Groover, A. (2018). 
Transcriptional and temporal response of Populus stems to gra-
vi-stimulation. Journal of Integrative Plant Biology, 60, 578–590.
Zinkgraf, M., Groover, A., & Filkov, V. (2018). Reconstructing 
gene networks of forest trees from gene expression data: Toward 
higher-resolution approaches. International Conference on 
Telecommunications. Springer, 3–12.
SUPPORTING INFORMATION
Additional supporting information may be found online in 
the Supporting Information section.
How to cite this article: Ramakrishnan M, Yrjälä K, 
Vinod KK, et al. Genetics and genomics of moso 
bamboo (Phyllostachys edulis): Current status, future 
challenges, and biotechnological opportunities toward 
a sustainable bamboo industry. Food Energy Secur. 
2020;9:e229. https://doi.org/10.1002/fes3.229
